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ADVERTISEMENT 



Upon the Ufe of the Simple Glafs- 
Macbines for making the beji Mine- 
ral PTaters. 

ALTHOUGH the method of ufing the 
fimpk glafs-mathines, is minutely, de- 
fcribed in the following tetter; neverthelefc it 
may be more convenient to find here at once, 
diftinft references to ihufo articles, where it 
is particularly contained. 

I. The defcription of the Jtmpte machine is 
comprifed, No. 5, 6, and 7. 

II. The procefs to* make ale of the fame, 
No. 8, 9, 10, and 11. 

III. The manner of carrying-on the pro- 
duftiao of fixed air, No. I ft. 

IV. The method for reducing the procefs 
to a few minutes, No. 1 5. See note g. 

V. How to keep, or preferve a long time, 
thefe mintral waters, No. 16. 

a 2 VI. 
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VI. To make them fparkle, like Qbampaignc 
wine, No. 17. 

VII. To render them ferruginous, or Chaly- 
beate, No. 18. and following. 

VIII. As to tlic medical and oeconomical ap- 
plication of thefe waters, and of fixed air t 
Sec No. 1. 3. 19. 21, and following. 

IX. To make the bell Pyrmont waters, 
No. 28. 

X. To make the belt Spa-waters, No. 2.9. 

XI. Tomakc thcbeft.5W/2w-tt>i7/£T.f,No.3a. 

XII. To make the beft Seydjcbulz-waters, 
. No. 31. 

XIII. To make the bell Aix-la-Chapelk 
■waters, No. 32. 

XIV. Remarks on this new branch of Medi- 
cal Prof <fwn, No. 33. 



N. B. All thefe Clafs-Apparatuftt, and 
Eudiometers, are made and at 
W. Parser's Cut-glaft Manufaclory, No. 69* 
Fleet-Street, London. ■ • 
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TO THE 

REV. DR, PRIESTLEY. 

DEAR SIR, 

1t>o not know how better to employ the lei- 
fure of thefe holy-days I enjoy in yout 
neighbourhood, than in deicribing, according 
ro my promife (a), the two contrivances I have 
mentioned in my la ft letter; which, I hope, 
will be ufcful to the public. It is with plea- 
furc I have obferved a great agreement in al- 
moft all our philofophical ideas : but I am 
very happy to find that we agree Hill more, in 
looking with the greatcft indifference on any 

(a) This tefeti to t,h« P.S. of » fanner letter to Dr. 
Priellley, printed in the Appendix to his Third Volume 
.11 Ex peri menu and Obferration* on Air, No. III. p. 376, 
of the London edition, 

B fit- ■ 
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difcovery, even the moft ingenious, if -no real 
advantage may accrue from it to mankind. 
Araongft the many that you tevcMS&tfey mfr 
wnitrr-arc fcattcred -in yoor-Pbiiofisphical 
Works, that of producing by art, at any time 
or place, with very little expence and trouble. 
Mineral Waters, like thofe of Pyrmont, Spa, 
Saltzer.&c.whofe chief virtues depend on their 
being impregnated with fixed air ; and that of 
finding out a_genera\;fhndard ( ;qr uft„ fotak: 
certaining the greater or lefs fatubrity of re- 
fpirable air, in any place whatsoever, arc,, 
undoubtedly, the moft beneficial. The fuc- 
eefs with which the firft of'thefe-two difco- 
■verics is employed, wherever it is known, and 
the .very interefting obfeaatioas relating. to. 
the fecond, ma^tey almoft all over Italy by ihej 
ChevaliLr Landriani, with his Eudiometer* 
clearly evince the truihof tny obfervaiion (b} y 

at As Toon as Jour pamphlet, containing the 
roethotl-oF" making' Pyrmont' Water, felj jnta. 

fi). Dr. William White of York, has made in Eur- 
land many, valuable obfervaiion* of this kind, part, uf 
which were communicated to the Royal Society s, and a 
very able pkjtician of Florence, Dr. Alexander Bicchierai* 
ha* «ndet take o, with other friends, to make. daily obfei. 
va'tiom wiih the eudiometer, in different parts of Italy 4 
confidsring \hu, as a branch of the urmoit irnoortance in. 
■be meteorological rcgifler of the Wither* 
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fey hands; ir/The year 177a, I fent abroad a 
gpetftj^afty copies of it, to' different parts of 
Eitfope', i: '#he'rfe 1 have* a literary' correfpon- 
dcflce ; thft '"having long teen my cuftoro; 
whenever 11 any ufeful difcovery comes to my 
kbo'A'ledge. - I made then-fome change or im- 
provement in your method, which rendered 
the manner of conveying the fixed air to water 
ibJricWliat caller. This Was added in a note to 
the, frettch translation of it,' made foon after 
at PaHs,"from a copy thai I had fent to that 
great promoter offtatwiil Philofophy, the late 
Monfieur Tnidainfe tie 1 Montigny, mentioned 
Jiagi 26S,'af"yo'ur 2d vol. tin Biff. Kinds of 
Air. Set 1 pag. 374, vol. 3, "of Inirod. t'b 
the Journal de Pb^fique. Some time after, Mr. 
Blunt invented a machine, which rendered this 
bperatiori''ftill more eafy. - One of this kind, 
made by rn'mfelf-at Mr. Nairric' , s t I fent 10 a 
very judicious lover of philofophical experU 
ments at Turin, the Marquis de Rofignan, 
lately an\baffador of. the king of Sardinia to 
jthes Court oi ,Berilin4 .; /■ 

. . 3. Another conuruction of a glafs machine 
/orotic fame; piirpofe,. was pubtifhed by Dr. 
^oflih^jn Ehe^th. «Ql, qf lUlofophicalTranf- 
aAiransi But this beirig vfcry imperfea, was 
afterwards improved by Mr.- r'arker; and you 
Have gW'enf an account of' inn +!:e fecohd vo- 
«;. . B '2 lume" 
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lume of your work, abovcmcntioned, pagf 
293, and foil. zd edit. Avery great punier, 
[many thrjulands] of there machines have 
been fent to different parts,, even to the Eafi- 
Indies *, and it is known that many perfous 
have been greatly benefited by the ufe of theft: 
artificial acidulous waters (c). 

4. I found, ; however, pot long ago,, th'at 
the manner of conducting the procefs, as de- 
Jcnbed in the printed directions fent with thefe 
machines, was very inconvenient, on account 
of it's flow operation; it requiring four, and 
even fix or feven hours to get the water fully 
impregnated with fixed air. This I felt the 
more in November laft (1776) on my being 
at his Serene Highnefs's the Duke of Areu- 
berg, whom I have a right to call my Ma?ce : 
nas, on account of the majiy favours I have 
received from him (d). 

,- ■ , Know; 

(c) See PrnfcITor Bergman's excellent Treat/fc Ih 
Jquil Arllfii. FrigiJi,, vol. I. of his 0/»/f«W- 
p|>. 113, Sfcq. and Dr. Wiiherj\ Obfemtioni on Chronic 
Weaknefs, in 8vo. p. 164. printed at York, » 777» 
' (J) Alas! this truly great Prince is no more ! He fell 
a facrifice to the (mall-pox, that eril fo vaflly deftruflitre 
to the human fpecies. Thinking hirofelf feciire on ac- 
count of fomefew'iif the difcreet kind, which he bnd in 
Lis infancy, he did nor avail himfelf of the great blenTng 
vf ourtimea, inoculation, through which fo many thoit- 
jW), or rather millioni, have been reftued from death. 
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Knowing this generous princd to be en- 
dowed with the .bcft difpofitions that any of 
his rank ever had, fot encouraging and giving 
his protection to all improvements and difco- 
•veries beneficial to mankind; this confideration 
prompted me to lend from London, one of 
thefe improved machines to Bruffcls, for (he 
ufc of his highnefs ; and, on my trying it, after 
•my arrival' there, Ii'ftrt, 'for the firft- rime, 
'how difagrecable it was to wait f© long for 
■the defired effefr ; which could be foon com- 
pleated, if the firfl method already mentioned 

Tbis great Prince died lie ijtta of Auguft, 1778, in the 
57th year of a glorious life, generally employed tor .thc 
fvod of his fubjtdls, and [he happinefs of every one, 
who had any dependence Upon, or acquaintance with, 
ihii true friend to mankind. He was (he patron of all 
fcicnc.es, a lover of ail polite arts, and the promoter, a* 
well an the warm protector, of all ufcful knowledge. 

It is now (1783) five years fince this Prince has been 
numbered with the dead ! and dead indeed !-^For though 
his heroic deeds, and hii publ c as well as his private vir- 
tues, claimed to he tefcued. from oblivion, at a pattern of 
emulation to pollerity ; not one, to my knowledge, of tbe 
many that were aJEduoufiy courting his favo irs, or that 
were benefited by his (jencrofity, not one, I fay, have 
publifted to the world the trail account of his extraordi- 
nary qualities either as a Man or a I'fincci A good I -lion 
to the Great, were they wife enough to lea-n from other?, 
.how to feleft thofe on whom they confer their frkndlhip, 
•r beltcw (heir favours. 
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(No. a.) was employed: for which reafon, I 
always had made ufc of this Jafl, in preference 
to any other ; <asi:tt requires but few minutes 
^compkat the-opcuationi - :-v-j d 

■ I theb eoDfidenod; what could be done to 
Avoid this. Ac hfl I : contrived the following 
iippawufit-confiflipg of fomeedditioBa] pieced, 
by which'.tneeBPi.the wliole QperMiehiis.ifo 
fliortencd, as to .take hui (cwj ntiriutes ; and, 
at theJame time, tiie.quarrtisyuof thp artificial 
water is increafed to .the double of that, which 
is impregnated, at one procefs, in x\\t fimplje 
glafs-machine, improved by Mr. Parker. 

■Description' ef jhe SimplS Glass- 
Machine. ■ „' 

5. ABC (fig. r,) reprefenK one of the im- 
proved machines of Mr. Parker, {landing tipon 
a wooden difh d e, in order to prevent- any 
water, if fpilled, from falling ,on ihe.iabte. 
The middle veffel B has a neck; which is- in- 
ferred into the mouth of the vefleT A, ,'bcihfc 
nicely ground air-tight to'it. "This Ibwer. ncc£ 
of the middle veflel B, has a ftopplc V qf 
glafs, compofed of . two pans, both having 
holes, fufficient to let a good quantity of air 
pafs through them : berween thefe two parrs 
is left a fmalt fpace, containing a piano- convex 
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lent, which, a& like a; Tallin lettitig. thfiair 
paf% &;om.; b^low- upwards, a$d Jwnderiii^ihe 1 ! 
fall of the water into the veffel. ; ITljis-glafe / 
flopple was inveatcd by my good friend Mr. 
Bcnj. yaughw v , • -/ , : . - \ 

6. The upper veffel C terminates; bejdw i*: : 
a tube, marked 2, r, (fig. i,) which being 
crooked,- bidders the imwediatcpaflage 0 £tlie 
bubbles ^.fixed airj intothe upper vcSdG, 
before they reach the furface of the witer in > 
the vefTel B, The veffel C is alfo ground 
aitf-dgfet t« tbq;nppec dej;k;Qfthe:m;ddJa wif- 
fel B;, and has a ftopipk w,i fitted. to: its-upper "- 
rooutb, which either is pecf6rate4.Taroogh^bc>;. 
middle, as w and i (fig. i and 2,) } of is of a 
cadJcaI:farm; wiehouc.a'ny :hcJe.. Burit will 
bc^betferjo .haw that kind of t flopple, which ' 
will be hcreafittrdefcrihed; No. ty. ThiV 
upper Teffel C contains nearly half the water 
ttSat .cjyji he" contained io. thfr UitderforiciB } 
and. .the mi ^Ji)i.o'6:ij*-j.-er(jofcfl4 tube 
goes no lower than the middjc afv'tba.fiinie-i 
Teffel B. Each of the veffels, A and B, have 
an opening^ -m and n, with, ground ftc^ples? 
which are only open when, occ&ijon re<juircs> 
as will be mentioned hereafter. 

But after the lad edition, of this letter; a, 
glifs-cGck has been adapted tp.it ipflead ; or\ the. 
1 ground 
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ground Hopple '(betides' the Teflel B being 
Draped in- a'-more elegant form) ; which is je* 
presented- by points at n in fig. fV '■ : - ; 

7. Fig. 2. reprefents the two-veffels B and 
C, upon a wooden ftand F, whilft feparatcd 
from the Yeffel A. 1 - 

Fig,' 4. pepteftnts a wide glafs-funnet q x 
which may enter into the upper mouth of the 

Fig. 5, reprefents a (mail phial p, which 
ferves to raeafure 1 the quality of the vitriolic, 
acid tflbe made ofe of, ■■■ ■ •■ ■ 

'Fig.-6,i,a;prefenis a Kick fewgh of-'trn J^, 
to meafure the pounded chalk or marble, that I 
is to be employed in every protefs. 

And fig.. 7. reprefents a particular kind of 
floppies, the ufeof which will be explained 
hereafter, Nm 

Hit PRO C E S S with the S 1m p t e- ' 
Machine. ' 

8- L« Tome dry chalk,, as it comes ont of 
the earth, that is to fay,", raw, Vithout beirig^ 
burned in the fire-, or rather white marble, 

• which 
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which is much be'ter for the purpofe (t), be 
reduced to powder ; and le,t fome oil of vitriol 
be at hand. The velfel B, together with C, 
(fig. i.) muft be taken off from A, and put 
on ihe wooden fland F. (fig- 2.) Let the 
velfel B be filled with fpring, or any other 
drinking water, or even with diftillcd water ; 
and let it be joined again with the upper 
vefl'cl G. 

9. Let fome water be ponred on the lower 
wffci A, fo as to cover the riling part of its 
bottom : bur, if this appears too vague a di- 
rection, pour in fourteen or fisteen meafure* 
of water, with the glzfsp (fig. 5.) : then fill the 
fame phial p with oil of vitriol, and pour it 
into the fame veffel A, along with the water- 

fc) White marble being firll granulated, or pounded 
like fmall gravel, i, mu(h better tor thii purpote, than 
the pounded i balk ; beeaufe ibe ailion of ihe diluted acid 
upon the marble, lalis a vtry toaliJcrable tirr.e j and the) 
lupply of jixtti ah y which tj dilengaged by this effcrvtf- 
c«ii(, is niuih more regular than oiherwife. In general 
it continues to furnifli fxtd air, more thio tweiaty-tbur 
houii. When no more a.ir i) produced, if I decant out 
of the vcfibl A, all the acid fluid, already fatunted ; and 
walh off the ihin, while, gypfcom fedimeni : I may em- 
ploy again the remaining Kranulnied mirble, by adding 
10 it Irelh water, and a new quantity of vitriolic acid ; 
which will ihen furmGi a further fupply of fxid air ; and. 
tfcii may be icpraied over again, until all the marble ii 
diffolvedj which will not be very (ban. 

c It 
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Jt will be, however, much eaficr to have 
made beforehand the mixture of or! of vitriol 
and water, in the above proportion. In this 
cafe, it will not be liable to fuch bad confe- 
quences, as fomeiimcs happen with ilrong oil 
of vitriol, which, if fpilt, burns and deltroys 
almoft every thing it meets with. But when 
weakened by the mixture of about i4or 16 
times its own bulk of water (or even twenty 
times its bulk, if the oil of vitriol is well 
concentrated) it will hardly be able to do 
any mifchief, no more than the juice of le- 
mons, vinegar, or any other fuch acid, fcfc 
It is true that its bulk becomes greatly in- 
creafed: but its carriage will be fafer, and its 
value very confiderably cheaper to the pur- 
chafer. 

10. After the acid is poured into the veflel ■ 
A, let the glafs-funnel q (fig. 4.) be put into 
the fame veffcl : and filling the fpoon R (fig. 
6.) with the pounded chalk or marble, let it 
be thrown into it. Take off the funnel q, 
which is ufed only to prevent the chalk from 
touching the infide of the mouth of this vef- 
'ftll fince otherwife it would ftick fo ftrongly 
to the neck of the Veflel B, as not to allow the 
taking it off again without breaking. Then 
place immediately the two vcflels B and C, as 
they 
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they are, over the mouth of the veffcl A : 
and all the fixed air which is difengaged from 
the chalk or marble, by the force of the diluted 
acid, will pafs up, through the valve V, into 
the veflel B. When this fixed air comes to 
the top of the veflel B, it will dtflodge from 
thence as much water as ins bulk ; and this 
water, fo ditlodged, will go up, by the crooked 
tube z, i, into the veflel C. 

II. Care mult be taken not to (hake the 
vefle! A, foon after the powdered chalk is 
poured in, and the veflel B ihuts up the veflel 
A ; for it will caufe a great and fuoVIen effcr- 
vefcence, which will, perhaps, expel part of 
the contents. If this happens, it will be ne- 
ccflary to open theftopplem, in order to give 
vent to the eflcrvefcence for a moment; other- 
wife the "veflel A may chance to burft. Per- 
haps it will be ncceflary to rhrow away the 
contents, to wafli the veflel with water (bc- 
caufe the boiling matter will flick be:wccn the 
necks of thefe veflels, and will cement them to- 
gether), and to begin the operation afrefh. But 
if the powdered chalk is thrown in, without 
any confiderable lhake of the machine, there 
will be but a fmall effcrvefcence at the beginr 
ning. When this operates well, the veflel C 
will foon be filled with water, and the veffel 
£ half filled with air ; which, when done, will 
C 2 be 
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fee eafily perceived, by the air going up in 
large bubbles by the crooked tube I, 2. This 
will take place in about two or three minutes. 

12. Whenever the efFervefcence nearly ceafes 
!n the veflel A, it will be revived again by 
giving it a gentle fhake, fo that fome part of 
the powdered chalk which is in a heap at the 
bottom of A, might be mixed with the diluted 
vitriolic acid, and difengage more fixed air. 
However, when it happens that the whole is 
exhaufted, and no more air rulhes up to the 
middle veflel from the lower one; cither more 
powdered chalk mufl be put in, or more oil of 
vitriol ; or at la.fl more water, if neither of the 
two firft produced the defired efleet. Thefe 
additions may be performed by letting them 
in, either through the opening m, or through 
the mouth of the veffel A. In this cafe, ufe 
mufl always be made of the funnel in order 
to avoid the flicking of the junctures above- 
mentioned. If thefe veffels be fuffered to (land 
fix or feven hours, the water will be fuflicienily 
impregnated, without any further trouble, pro- 
vided the fupplyof fixed air be copious: and 
ftill more.fo, if it is there comprefied any 
wav (/)• It: will be of fome advantage to 
jhake 

(/) WhfO the flopple w i, £aa, of i conical form, 
«d well ground on ,h e up pt r nee tof <hc wffel C. it 
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(hake the whole apparatus very gently, once 
or twice in every hour : in this cafe, the water 
may be impregnated by the fined air, in five 
hours, and perhaps lefs. It was, however, to 
avoid even this delay, that I invented the fol- 
lowing additional VcJTels, by means of which 
the whole operation is conliderably Ihorter. 

Description of tbeNsw DOUBLE Machine. 

13. Befklcs the two vcffcIsB and C(fig. I.), 
I have added two others perfcflly alike, repre- 
sented by G and H (fig. 2.). The velTcl H is 
furnifhed with a floppies', either of a conical 
form, or equally perforated as the other w : 
this vcflel contains half as much as iheveflel 
G. I3ot!i thefe veflels are fet upon the wooden 
(land F; and the lower neck of the veffel G 
is not only fum idled with a valve and (topple, 
as already defcribed, No. 5, fpcaking of the 
veffcl B ; but it is fitted, and ground air-tight, 
to the neck of the fame velfel A ; and has an 
opening /, with a ground ftopplc, which is 
only opened when occaiion requites, as will be 
mentioned hereafter. 

The wooden fland /C(fig. 3-) is fo contrived, 
that a thick piece of glafs x, like a fniail tuni- 



theu greatly contiibuics 10 forward the impregnation by 

K*i prdTurc ; as will be feca by and by, No. 17. 

S bier, 
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bler, be cemented in the top/, after it has 
been ground air-tight to the under neck of 
the veffels B and G. The form of this ftand 
is cafiljf conceived by fig. 3 : it is partly flat 
in the bottom % 2 : turns up in a kind of 
convexity z 0 towards it's edge: and has a. 
round moulding 0 0, which hinders it's tum- 
bling, when moderately puflicd fideways. 

Ths PROCESS, with the pouble Gla^ss- 

M AC HIKE. 

14. The two middle veflels B and G (fig. 
1 and 2.) are to be filled with pure water, 
and put on the ftands K and F, with their 
upper ones C and H, as in the figure, Thq 
mixture of oil of vitriol, water, and powdered 
chalk, or rather marble, muft be dune in the 
fame manner, as was faid at No. 9 ; and finally 
the velTels B and C are to be put on the veflel 
A, as was faid No. 1 c t and following. But as 
foon as the veflel C is filled with the water, 
thrown up by the air, which diflodges it from 
the veflel B, through the crooked tube 1, 2 s 
both thefc veflels B and C are to be removed 
together as they are, from the veflel A to the 
ftand K (fig. 3.), and the other veflels G H, 
which are in the fiand F, are to be put in 
their flcad, upon the veflel A. Whilft thc 
operatioc 
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operation is going on in thefe laft, you mull: 
hold the veffels B C, which are in the fland 
K., by the neck and (topple w with your right* 
hand, and liy the under neck V with your left : 
incline [hem a little tideways, and fhake them 
very brifkly, fo that the water within B be 
very much agitated, prefenttng many frefti fur- 
faces hi contact with the fixed air ; the great- 
eft part of which will be abforbed into the 
water: as it will foon appear, by the end of 
the crooked tube.being confidetably under the 
furface of the water in the veffel B. 

1 5. Tt will fuflice to fhake the water in this 
manner during two or three minutes; which 
done, loofen the upper veffel C, fo that the 
remaining water may fall into the veffel B ; 
and the unabforbed air may go out (g). Then 
taking off thefe veffels from the ftand K, put 

(g) By this method, even the fimple gla ft- machine, 
above-mentioned, may he worked fo, is to have the water 
fully impregnated with the Jixtdair, in a few minutes, 
though wiihlefi advantage. Todothij, the veffel Band 
C aie taken off from the veffel A: and holding them 
with both hand), they aie to be fliaken about a quarter of 
a mnali; then after placing them again in the veflel A, 
the upper veffel is talen off a little, that the water therein 
may fubfide again into the veffel B : when a frclh fupply 
afjitJair is produced, foasto fill half of the veffel B, 
the fame operation of making the two veffels B and C is' 
to b: repen.ed four or fix times : and the water in the veffel 
B will be fufficieml)- impregnated with the Jixtd air, 

them, 
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them, joined together as they are, on the Hand 
F. By this time the Tcflel G will be half filled 
with fixed air.% and the upper vefiel H will be 
filled with the water thrown up by it. Take 
then thefe veflvls to the Sand K, and replace 
the others B C on the mouth of the veflel A, 
after letting out the unmixed air, as aforefaid 
fo thai thefe veffels may be half filled again, 
with fixed air, whilft ihe water in the veffels 
G H is brifkly (hakeo in the fame manner as 
the others have been. 

When this operation has been repeated 
three, or at rood four times alternately, with 
each fei of veffels, throwing out the remaining 
air which docs not incorporate With thi- water, 
after it has been brifkly thaken, and adding 
frefh quantities of fixed air, with which it 
te well agisted ; in this cafe, the water con- 
tained tn both the veffels B and G, will b* 
fully faturatcd in a few minutes. 

16. Thefe artificial mineral waters are 
much more plea&Qt to tatte, than the natural 
l'yrmont or Seltzer's waters, which, beiidrs 
their fined air (the only part perhaps which 
allords their renowned virtuts, and which is 
hardly half of what this artificial water can 
abforb;, contain fome difagreeable faline tafle; 
*ud it is Jumjwii thai this alone does not con- 
tribute 
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tribute at all to their medicinal virtues i but 
on the contrary, it may be hurtful in fome 
complicated cafes. 

The artificial waters will remain as limpid 
and as tranfparent as before, although there 
has been abforbed above as much air as their 
own bulk. The whole procefs will hardly 
take above a quarter of an hour, by this 
method ; and the quantity will be double of 
ihat which could be made in the Ample glafs- 
machine. 

The water may be taken out by the opening 
/ or », to be drank immediately ; if not, it will 
be better to let it remain in the machine, 
where it has no communication with the ex- 
ternal air ; mherwife, the fixed air goes off by 
degrees, and it becomes vapid and flat ; as it 
happens alfo to the natural acidulous waters. 
Thefe artificial waters may, however, be kept 
a very long time, in bottles well corked, placed 
with their mouths downwards. 

17. In general, they are fo fimilar to the 
natural acidulous waters, that they may be 
even made to fparkle, like Champ;ugne wine. 
Mr. Warltire has actually brought thefe waters 
to this (late, by keeping the fixed air com- 
preffed upon the furfacc of the water in the 
D middU 
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twiddle vcfTel j as appears by his leiter printed 
in [he , .ppendix to your third volume of Ex- 
psrintmu u>:d Ovjervatioitl on Air, page y.6. 
"J he lame end will be obtained, if, in [lead of 
the floppies to and uie is made of the fofid 
one represented (ng. 7.), which h rt s a hind of 
a biifon at the top, in order to hold fome 
additional weight. This (topple rauft be of 
a conical figure, and very loofe; but fo well 
ground and frrooth in its contact, as to be 
air-tight by its preffure, which may be in- 
creased by fo;nc additional weights in its 
balon. If the veflels are flout enough, there 
is no danger of their burning in the opera- 
tion, unLfs the weight be enormous. 

18. Thefc waters may alfo be rendered 
ferru^ineous (or chalybeate) very eafily, by 
putting, in the middle Teffel, two or more 
llendcr phial?, like that reprefented fig. 23, 
filled with cuttings of iron-binding wire, or 
final I iron nails, but without any rnft: the im* 
prcgn ited water will diffolvcthe iron fo faft, as 
10 become well. Saturated with it in a few 
tours, according to the experiment of Mr. 
Lane. If the iron nails, or the cuttings of 
wire, were not confined in the fmall phials, 
but fet loofe in the middle veffel ; their r uft 
av fediment would flop the palfages of the fixed 
air from the under vcfTel: and in fuel) a cafe 
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the veflel A iruft burit ; and the whole ma- 
chine will be broken to pieces. 

19. According to Sir John Pringle, there 
may be added to each pint of tlicfe waters, 
from eight to ten drops of thiclura mart'is cum 
fpiritu falls, in order to refemble more nearly 
the genuine Pyrmont water. But I will give 
hereafter (No. 25.) the true method for 
making the beft Artificial Mineral Waters, ex- 
tracted from the Treatifes of that great Philo- 
fopher and mo!i famous Chemitt of Upfal, Sir 
Torbern Bergman. 

20. The method of rendering chalybeate 
tlicfe artificial waters, ufed by Dr. Hulme, 
is to add one grain of fait of fteel to each pint 
(16 ounces) of water, already impregnated 
with fixed air. 

21. There is no doubt but thefe artificial 
Waters may be advantageoufiy employed in 
many medical purpofes; not only bydifldlving 
in them the very falts, which are found to be 
contained in many natural fprings, renowned 
for their different virtues ; bjt alio by apply- 
ing them limply without any other mixture. 
The fame able phyfician Dr. Hulme has lately 
publilhed (after the full edition of this pam- 
phlet,) An Account of different Cafes and Expert- 

D 2 me/itr, 
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'merits, by which it clearly appears, that fixed 
air, adm'miftered internally, has a powerful 
action for d* (Solving the flone in the blad- 
der, and againft nephritic complaints. Its ef- 
ficacy is equally beneficial againft the fcur- 
vy (i>) t the gout, the fevers, even the hectic 
ones with confumption, the dyfentery, and the 
worms (i). 

aa.Thefeanificial waters may beeven applied 
as a vehicle to many draughts, and internal 

(b) This I am able to leilify on my own expeiience : for 
being attacked myfelf by fcorbutic pains in all my limbs, 
a fliurt lime after the fecond edition of this letter, and 
my comprint being totally miflaken by fome of the fa- 
culty whom I had confulted, I happily met with my 
good friend, and cicellent phylkun Dr. Snowden White 
of Nottingham, who really difcovcrcd v. hat it was. By 
his advice, I took this medicine of Dr. Hulme's, accord- 
ing to the prefcription iranfcribed in the following note (i): 
and in lefs than a week's time, 1 began to find a very fen- 
tible relief i at the end of a month or iix weeks, ihe pains 
of my limbs were removed, and I was able to walk, and 
to do any thing elfe, without the leail inconveniency ; 
thnugh before that time, I could not make a ftep, nor hold 
any thing fall with my hands, without a very painful fen- 
ration in all the joints that were exerted in the action. 

(ij Dr. Holme's prefcription is to take fifteen grains of 
fait of tartar, diluted with three ounces of pure, or of 
diftilled water, four times a day; drinking immediately 
after, at every time, the fame quantity of water impreg- 
nated *Lih twenty drops of weak fpirit of vitriol. Sfe 
his Treatifc, imitled, A Sofi and cajy RmtJj, CSV. in 4 to. 
London, 1778, at G. Robinfcn's and P. ElmflyV. 

4 medi- 
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medicines, which will be the lefs naufeous to 
the patients, and perhaps more agreeable to 
the ftomach, giving to it a tonical ftrcngth. 

43. The advantages derived from fixed air 
in (economical purpofes, deferve 10 be taken 
notice of in this place. Sir William Lee and 
his neighbours at Hartwcll, did prefenre flefh 
meat perfectly fweet for ten days, which was 
as long as they had occafion for, in the faft 
hot weather of this fummer(i778), one of the 
hotteft we ever had in this country ; and this 
was obtained by wafhing the meat, two or 
three times a day, with water impregnated with 
fixed air; even meat that bad begun to 
change, was totally recovered by the fame pro- 
cefs, as the faid gentleman afferted in a letter 
\ have feen, direfied to a friend of mine. 

24. I (hall conclude this fubjeft by obferr- 
ing with you, that fixed air may be given to 
wine, beer, cyder, and to almoft any liquor 
whatfocver. Even when beer has become flat, 
or dead, as it is called, it may be revived by 
employing the fame method : however, the 
delicate, bride, and agreeable flavour, or aci- 
dulous tafte, communicated by the fixed air, 
and which is fo manifeft in water, will hardly 
be perceived in wine, or other liquors, which 
have much tafte of their own. 

Me- 
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Method of preparing different mineral wa- 
ters by art, which have greater medical 
virtues than the natural ones. 

25. That great chemift and profound phi- 
lofopher, Sir Torbern Bergman, Profeffor at 
the univcrfity of Upfat in Sweden, has made 
the niceft and compleateft analyfis of feveral 
mineral waters, renowned by their medicinal 
virtues in Europe, which are published in the 
firlr, volume of his Opujcula. But he very 
properly remarks, that fome of thefe waters 
have, amongft their component pari?, fome 
fubftanccs, as chalk and gypfum, which by no 
means can be whalfome, when taken inter- 
nally. From hence appears the reafon why 
it fometimes happens, that feveral patients 
find their conftitutions hurt after the u(e of 
fuch waters, although their particular com- 
plaints have b;en effectually cured. It is 
upon this principle, this great Philofopher 
founds his opinion, viz. that artificial mineral 
waters are, and muft be, more beneficial than 
natural ones; provided they be properly imi- 
tated, by employing only thofe conRituent 
parts in their compofnion, which may pro- 
duce a falutary eilefi, and not introducing 
any of noxious qualities, 

The 



The good effetfs produced by thefe artificial 
waters have been demooftrated in numerous 
cafes, and confirmed by the raofl irrefragable 
and refpeftable tefttmonies, and by the general 
ufe now made of them in Sweden j for which 
I refer the reader to the faid Opufcula of 
Profcfibr Bergman, where he "treats of this 
fubjeft, more particularly in § 19 of his 
Treatife de Aquis medicatis frigidis arte pa- 
randis. 

26. All mineral waters may be divided into 
two or three daffes, viz. thofe which come from 
their fpringsalmoft as cold as the temperature of 
the atmofphcre ; and thofe which arife from 
the earth with a confiderable degree of heat, 
fomc being as hot even as boiling water. 
The fir £1 kind are almoft all (and perhaps all, 
without exception) impregnated with fixed 
air, which is the principal menflruum,by which 
the other fubltances therein contained are 
properly.diflblved, according to the nature of 
the refpefiive meanders, or fubterraneous 
canals, they pafs through in the bowels of 
the earth. In order to imitate thefe, nothing 
elfe is neccflary but to impregnate them with 
fixed air, as has been (hewn in the preceeding 
pages, and to add the rcfpeCUve fubliances 
already known by the analyfis of each kind, 
with- 
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withholding thole whofc obnoxious qualities 
may rather injure than relieve the patients. 

27. The procefs is limply as follows : take 
a fmall glafa or two, like that reprefented by 
fig. 23, but rather fhort, and as wide as the 
neck z z, fig. 1, will admit of : this mull haie 
a hole on it's fide, in order to be put in and 
taken out of the veffci B of the machine, by 
a crooked piece of iron-wire. The refpefl'ive 
fubftances belonging to each kind of mineral 
waters are put in this gjafs in due proportion 
to the quantity of water in the machine. It 
is let down into B : the chalk and vitriolic 
add are put into the under veffel A, &c. 
as dircfted in No. 8, and following : and 
the whole is to be left to work by itfelf one 
night, or fix or feven hours in the day-time, 
in a cold clofet. By this method the water 
will be fully impregnated, and prepared for 
ufe. The following are the mineral waters 
more generally known, as far as I can judge, 
in this country, amongft thofe whofc analysis 
Profeffor Bergman mentions in his faid Opuf- 
tula. But the reader may eafily make any 
other kind of artificial mineral waters, by 
this eafy and fure method-, provided he can 
Ret a good analyfis of each, and obfeives 
the exact proportion of the ingredients to the 
quantity of water, In the following prefcrip- 
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Hons, I fuppnfe, the kanne or cantbarus of 
Sweden^ 10 com;iin five pints and an ■half Eng- 
lifli wine-meafure (t); but as 10 grain weights* 
they arc found, on comparifon, to be nearly- 
alike, 1000 EijgUfJi grains making but 104? 
Bwedillii 

28. To maketfc true Pyrmont Water. 

To every pint of pure common water 
in the veflcl B of fig. I, add the fol- 
lowing ingredients, viz. 

9 gn of crude (uncalcinu!) magneGa alba> 

5 gr. of Epfom filt, 

z r;r. of common fait, 

And two or three places of Toft fteel or iron, 
filed clean from ruft, in. the glafs, fig. 23. 

Xk) Mr.Pauflm (in his Afrirehgit, printed at Paris in 
4to, i;Bo) fays, that ihe Englilh gallon contains 4 pint* 
of Frftir, vis, :gi cubic frciich indies ; and the SwedUh 
kanne only 1 3 a of the fame s from whence it appears, that 
our pint (~ 14. cubic frmch inches) is therein contained 

5 $ times. As to the weight!, he fays, the Swedilh, 
apothecary's pound is to the linglifti Troy pound, as 7184 
lo 76 1 8, (or 74 1 6 to 7 r 56) : . but the proportion given In 
the Mctnoirj of the Royal Academy of Stolkholm, for 
*t J -t P- 3">°> tciwcen ihcS.vedilh and Englilh pound of 
apothecary's weight ii, as 741610 7766-. and this (hews, 
that iojo Fnglifh grains are equal to 1047 of the 
Bwedilh weight. 
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There Ihould be a (mail hole in the glafs, 
fig. 23, to take it with the plates out of B, 
when the procefs is finiflied, by means of the 
crooked iron-wire mentioned No. 27 ; left they 
fhould contraft ruft, and damage the valve, as 
mentioned No. 18. 

29. For making the Spa Water. 

To each pint of water in the fame veffel 
B, fig. 1, add the following, viz. 

4 gr. of uncalcined raagnefia. 
2gr. of mineral alkali, or jal foda, 
1 gr.of common fair. 

And a or 3 pieces of foft (reel in the glafs 
fig. 23, within the veffel B, as in the pre- 
ceding article. 

30. For making the Seltzer Water. 

To each pint of water in the faid Tellel B, 

fig. 1 , add the following, viz. 
6 gr.of uncalcined magnefia alba, 

5 gr. of mineral alkali, or fal foda. 
zi gr. of common fait. 

31. For making the Seydschutz Water. 

To each pint of water in the faid veffel B, 

fig. 1, add the following, viz. 
3 gr. of uncalcined magnefia alba, 

3ijS 
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3 ij li ( 1 50 or 1 56 gr.) of .Rpfom fait, 
5 gr. of muriatic magnefia (/}. 

32. For making Artificial Waters, 
like thofeof Ais-la-chafelle. 

Impregnate the water with fixed air, as di- 
rected in No. 8 : certainly this operation 
may be faid to be abfolutely necef- 
fary. 

Then throw into the vefTel A, any quantity 
{fuppofe a drachm or two) of powdered 
liver of fu/pfair (7;;), with vitriolic acid, 

ft) Mariaiic Magnifm h prepared by throwing Iitile by 
liitle crude or uncalcined Magnefia into one or two ounces 
of marine acid, until it is faiorated-) which it will be, 
when a bit oi blue paper, tinged with lithtnus, dues not 
become a\ a reddilh colour, if dipped in the fulutinn. 
This being filticd, and dried on the fire, mult be kept 
dole in a glafs pfiUJ, with a ground (topple; otherwiie 
it will deliquefce by the njoiflure of the atmofphere. 

(m) Livtr nf Sutfljur ii commonly to be had, ready 
prepared, at the chenrda :ind apothecaries lhops : or may 
eafiiy be made by mining equal parts of mineral alkali, 
and brimftone in powder, in a crucible, or in an earthen 
vrfle! not glared, over a gentle fire, flirting them with a (lick, 
til) they are united together into a brown reddilh mafs : 
throw it on a (lone greafed with oil; break it to pieces im- 
mediately, and keep it ina glafj veflel with a ground ftopp'e. 
Butamiiture made in the fame manner, over a gentle 
fire, of three parts of clean filings of iron, with two of 
brimflone, is to be preferred, for the prefeut proccfi. See 
JSergnwn's O/u/Wa, vol. I. p. 141. 

E 3 which 



Digitized by Google 



i$ ARTIFICIAL, &C. 

which will produce fomc fuipbureous air, 
■with which the water in die Vefflel B, will 
be flrcngly impregnated in a few hours. 
Afterwards put to each, pint of water, 
the following, viz. 
6 gr. of common fait, 
14 gr, of mineral alkali, or /./ foefa, 
which will foon dillblvc, and the water may 
be drank immediately, 

But the belt way is to make no more at 
once, than is intended for immediate ufe; as, 
for inflance, 2 grains of common fait, and 5 
of mineral alkali ; if one third pan of a pint 
is to he drank at each time : and this is io he 
done a little before the water is drank. 

33. As to the making Hit Mineral Waters, 
it is certain, that they may equally as well be 
made at home, with the greatcft perfection j 
even much more beneficial than the natural 
ones, for the very complaints in which their 
efficacy is already afcer rained. The fame 
learned profeffor, Bergman, gives the bell 
analyfis of fomc cold and hot mineral wa- 
ters of the hepatic kind, in the above pre- 
cious Treatifes, where he Aleves a; the fame 
lime, the mofl accurate and rational method of 
makings proper analyfis of every other fpecies 
of mineral waters. He there men-ions the me-, 
thod for boiling this water, without evaporar- 
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jng its aerial acid ox fixed air. The mod- effec- 
tual is putting it in a clofe metallic veflel; and I 
think one of iron tobethefitteft for medical ope- 
rations, if propercare is taken to prevent its rutt- 
ing. This veffcl is fimilar to the known Papin's 
Digefter : and it muft be furnifhed with a cock 
on it's cover, both to let out and to examine the 
contents at pleafure, fcfr. Bur this being a 
new branch of medical knowledge, which I am 
nor qualified to pnrfue, I heartily with, that 
fome young phy derail, endued with talentsequal 
to the talk, and actuated by a warm zeal tor the 
benefit of mankind, fhould apply himfelf to this 
new branch of the medical profeflion ; in which, 
no doubt, he will meet with all the encourage 
jnenr, he may have a right to expect, from the 
generoiity and gratitude of the Public. 

On EUDIOMETERS. 

34. The happy difcovery you have made for 
(he general benefit of mankind, and perhaps 
of almoll the whole animal creation of this 
globe, by finding that nitrous air is a true left 
pf the purity of rcfpirable air t which is abfo- 
lutely neceffary to life, and without which it 
is prefently extinct, gives a moft ftriking in- 
ftance of the blameable flownefs of mankind 
to pay a proper attention to thofe objects, the 
jrflpqrrancc of which is infinitely fuperior to 
that ' 
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that of the numerous trifling novelties, which (a 
often fpread, with prodigious rapidity, through 
remote provinces, and even to the mod dillant 
countries of the Earth. Since the beginning 
of the year 17/'', in which you announced 
this moft interesting and valuable difcovery, 
in the 62d vol. of the Philofopbhal TranfaSlicns, 
no more than three or four philofoplicrs, that 
1 know of, have given any considerable degree 
of attention to fo important a fubjee> ; I muft 
acknowledge, however, that (ince the firir edi- 
tion of this pamphlet, their number is very 
confiderably increafed (n) t 

$$■ The 

(*) Mr. Volta, Profcflbr of Natural Philofophy a[ 
Pavia in Italy, has made a dilcovcry, mentioned No. V, ■ 
of the Appendix to jour third volume On itiffemi Kiatli ef 
Air, which feeni! clofely coniicftecl wiih the prefent 
fubjeO. He difcovered, that inflamrnablt air is contained, 
in the mud of almoft all lakes, marmes, and wet grounds 
of Italy; and he publilhcJ diffcieut Letters on this fub- 
jefi, of which he wasfn kind as 10 fend me a piinted copy, 
aficr part of this letter was printed. The experiments 
you have made afterwards with m« at Calne on this mailer, 
(how that this air is lefs inflammable rhan what proceeds- 
from the folntion of metals, with vitriolic acid ; it bums 
with a lambent flame, like the air produced b,y heat from 
charcoal; but the inflammable principle of this air fecms 
to he much denfer ; as it bears a larger minute of com- 
mon air, without deflroying the power of being inflamed. 
This dif.overy of ProfelTjr Votia accounts very well for 
the unhealthy habitations fuch marlhy grounds generally 
ajbtd to the human fpedes : and shows the neceflity of 
s examia. 
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35. The Chevalier Landriani, and the Abbe 
Fontana, both of Italy, and already known to 
the public by their philofophical labours, 
were the firft, as it feems, who availed them- 
felvcs of this difcovery : and both propofed 
to the public, a kind of the inoft ufeful in- 
(Iruments, that we can boafl of, among the 
nurnberlefs ones already employed in philofo- 
phical rcfearches and experiments. They 
gave to tfcefe initruments different forms, in 
their conftrueYions, which are more or lefs lia- 
ble to considerable objections, as appears by the 
printed defcriptions that each of them has re- 
examining, with cat*, by means of the Eudiometer, 
what places arc fit far being inhabited. This is a new 
and a very interfiling requifite, never 10 be overlooked, 
before any building is erected, or the place for any country 
feai is fixed upon. Such grounds or plaits, whufe atmo- 
fphere is loaded with phlogiflic miafms, are the mod dan- 
gerous to animal life : becaufe the air of fuvh an arm Cl- 
ip here cannot be a good conductor or difcharger of the 
, fuperabundant pblogifion, of which the animal osconoroy 
requires to be unloaded: this being the aim intended by 
Nature in the fiiiflion of relpiratiun, as you have at laft 
dif overed, and jncontrovenibly demo nitrated, by the 
moll decifivc experiments, to be the cafe ; after fo many 
ineffectual attempts of the greatelt philofophers of all 
ages. This appears by feftion V. page 55, and the fol- 
lowing, of your third volume On Sffirtiu KinJi of Ah, 
London edit. 1 777 i and by fi,/. Tranfitf, wl. LXVI. 
p. «6. 

parately 
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paratcly publiftied : and the Chevalier Latl* 
driani lias tranfmitted to England, as a pre- 
fent to you, the very inftrument he had made 
ufe of, 10 eftimate the refpective falubrity of 
the air in different parts of Italy, as men- 
tioned page xxiii. of the Preface ro your third 
volume On different Kinds of Air. This Eudio- 
meter is fmaller than that defcribed by him, 
and published in the fecend volume of journal 
de Pbyfique for the year 1775, though nearly 
of the lame form. It confiits of a glals tube, 
ground to a cylindrical veffel, with two glafs 
cocks, and a fmall bafon, ali fitted in a 
wooden frame. Quickfilver is there ufed in- 
ftead of water ; and that part of it which re j 
"places the bulk loft by the diminution of the 
two mixed airs, is conducted cither through a 
a kind of glafs fiphon, or through the capil- 
lary holes of a glafs funnel : fo that by its fall, 
the whole mixture of the two kinds of air is 
more readily made. 

36. Dr. Falconer of Bath fent, fome time 
ago, to the Royal Society of London, a glafs 
tube, neatly divided ■, by means of which, one 
may be enabled to know the quantity of the di« 
minutton produced in a certain bulk of the mix- 
ture of nitrous air with another air, in order 
to judge of its falubrity, which you have 

5 (hewn 
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(hewn to be in proportion to the diminution 
in the fum of their original bulk, after they are 
mixed together. This method is the neareft to 
your original one, or rather is the Tery fame 
youhaveufed in the beginning ofthis difcovery ; 
as appears by your printed work on this fub- 
jefl : and I think it to be the readied of all, 
whenever no great nicety is required in obfer- 
vations of this kind. There are, however, fo 
many circumftances neceflary in a good in- 
ftrument for fully anfwering fo great an Ob- 
ject to its utmoft extent, that I (hould be de- 
terred from offering to the'public what I have 
as yet done on this fubjeft, was I not aware, 
that fome advantages always accrue to public 
good, by any new fteps towards perfection, 
how diftant foevcr we may flill happen to be 
from its compleat attainment. 

DESCRIPTION OF THE FIRST 
NEW EUDIOMETER. 

37. Of the three Eudiometers I have con- 
trived, which are reprefented fig. 8, 15, and 
1 6, in ihe annexed plate, I think the laft is the 
eafiefl in its application, and the moil exail in 
its refults. The figures 12, 14, 16, and 17, 
reprefent it in different pofitions, for the better 
undemanding of its application : and it con- 

f m 
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iilts of the following parts, viz, a glafs tube m 
tie d, fig. 16, about twelve or fifteen inches 
long, and of an equal diameter, with a ground 
glafs ftopple, m: a veflel, c, the neck of which 
is ground air tight to the lower end d of the 
tube : and two equal phials, a and £, whofe 
nccks arc alfo ground air-tight to the refpec- 
tive mouths of the veffel c. Both thefc veffels 
contain nearly as much as the whole tube m 
ntd. 

38. There is, moreover, a Aiding brafs-ring, 
marked z, which Hides in the tube n d, anj 
may be made tight at pleafureby afmger-fcrew: 
aud, iaftly, a ruler, either of brafs or of wood, 
reprcfciHcd Jig. zi, which is divided into 
equal parts, and indicates the contents of both 
the phials, a and b, when thrown into the' 
tube, by the number of parts which is en- 
graved or ftamped about the middle of it. 
The two bent pieces of brafs z t ferve to hold 
it caftly-in the "fide of the tube h 'cf, fig. 14. 
ant! 17, keeping it clofe to its neck by the 
notch (. 

39. I have lately contrived thefc inftruments 
with brafs-nccks, cemented to each piece, in- 
Jlead of the gbfs ones, ground to one ano- 
ther : and I fiud feveral advantages in this 
improvement. Becaufe the ftem or tube n d, 

nuy 
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may be made more regular, viz. with a more 
uniform bore, fo that, equal quantities of the 
fluid put in it's tnfide, are there meafured by- 
equal parts of it's length: and, at the fame 
'time, a fecond tube, more than two feet 
long, may be fitted to the part c of the fame 
Eudiometer, for making experiments with 
deplilogiiticatcd air, iSc. Befides this, the 
turning of the velfel c is eafier and fafer, than 
when the necks of glafs are ground to one 
another: as they are apt to crack, when too 
tight; and often fall down, if too loofe, 
fp that the procefs muM then be repeated from 
the beginning. 

40. Experiments with thefe Eudiometers, 
"• which are eafily conftru&ed, may be made 
Cither with water or with qaickfiker ; with 
this difference, that when the laft is made ufe 
of, the Eudiometers (particularly the third, re- 
prefented fig. 8, which feems the fitteft for 
being ufed 'with quickfilver) will be more 
convenient, if made of a dill fmaller lize. 
Mercury, however, is a fluid that, I think, 
never ought to be ufed preferably to water, in 
the infide of Eudiometers; becaufe it fuffersa 
fenfiblc aftion from the conta.fl with miroui 
air, as yourfelf have obferved : and this mult 
have an influence on the refults of the expe- 
riments. Water, on the contrary, fcems lefs 
F a liable 
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liable to mistakes, although it imbibe, feme 
part of the minus air. In ha, rbjs effect only 
takes place in a long time, or with much agj. 
tatioti. After duly weighing the queftion on 
both fides, I certainly think watet may' be 
generally ufed, without the fear of any fenfible 
error. The weight and the dearnefs of quick- 
filver are, likewife, two other confiderations 
to gtve the preference to water in thefe ex- 
periments, 

THE PROCESS. "' " 

41- In the firft place there mull be either a 
trough, as reprefented fig. ,;(»); or at leaft 
a com- 

W This «g.,e reprelent, 'he.prope, ilape , ,„„^ 
fhonld 1,.™ for any ocpriMB on diSerenl kind, of J,. 

The .elide dimenfion, are z S inehe, l„„ g , ,, j , viJ 
and ,, deep, Engl,! me.fnre. The two end-board, 
.Jai ,/ .„ Sited i,„o , E „.,e, t „, i„ ,(,. other three 
board, , th,. I. danbed with .hiek white pai„, „" 
cemen, ,„ keep the water well in , and the „Lle i, 
fattened with fcrews from the oulnde. The their w a „ a 
is eight inches wide, and two inches thick, ft has three 
holes of three tenth, of an inch diameter, with a. rnanv 
feparate cav.t.cs noderneatb, fo „ ,o &m i ilc r „ ' 
Str.eel,. The fgore, howerer, reprefent, a s hf, fe„„e| 

5\.* -f » f "PP°""i by fo.r mcrallic hook. „ 
.t,fZ'„ T Ch bl! « '«"'=»d at .Jeafure, br 

.he wooden wedge, ,he« „ p „fe„ cd: JTZZZ 

painied 



E IU> IOM E.T E RS. 37 

a comrr|on tub nearly filled up with water: 
unlefs the tall glafs receiver, of which I fhall 
fpeak No. 54, 'be at hand. I take out the 
ftopple m (fig. 16), and fill the Eudiometer 
entirely with water, keeping it in the poGtion 
reprefentcd fig. 16' and 17. I then fiiut it 
with the ftopple m, and put the lower part c, 
under the furface of the water in the tub 
(fig. 17) in an ereit pofition, as it is [herein 
fcen. But if the tub d c ' I f (fig. 17) is 
large enough, 1 dip at once the whole inftru* 
ment, without its ftopple and phials, under 
the watcri and (hut it up with the ftopplem; 
then I put it in an erect pofition, keeping 
only the lower part under the furface of the 
water. This being done one way or other, I 
take the phial a, filled with water ; and 
keeping its mouth downwards under the 
furface of the water, I fill it with that air, 
the falubrity of which I want to afcertain. 
This is done, either by putting the phial a on 
the Ihelf n 0 of the tub, fig. 17, and throwing 
the air into the glafs funnel /, which is there 
cemented to the ihelf; or by holding in the 

painted with oil colour, as well as the whole trough, both 
in the infide and out fide. Hoiiever, I have finccfeven 
or eight years ago, a trough of an ova! form, made by a 
cooper, with a limilar ihelf, fupportcd by three wooden 
pegi in the infide, which hu been as fcryiceablc 10 roe, a» 
any of a couch greater cxpence. 

lift 
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left hand the fame phial a t together with the 
glafs funnel £ (which is repreferited fig. 19, 
and has tlo pipe at all) applied to the mouth 
of the phta^ whilft I throw up the air, with 
my right-hand, into it(p). ' - ( .' 

V 42. Bnc left the heat of my' 'hand mould 
product any confiderable cxpanfion in this 
air, I have uied, in hot weather, thewoodeji 
torigs reprcfented fig. 21, witt two bent wires 
jeVir.' 11 order to hold thc'glafs funnel % elofr 

(f) The cafe I am fpeaking of, it, when 1 hare a 
>6Hle of air, wlikh hat lieen taken at any dlflitit place, 
and fem fot trial.: If a glafc bottfe, with a :ground glafs 
Hopple, is filled with water or wiih mgrenry, .and emptied 
in the place wbofc atn.ofphciical ajr is intended for being 
examined,. it wltf, of coai.fi; be filled with that air': 
and, being clofdy (hut with tfic glad Hopple, maybe 
Mrried to any diilan't place for trial. By this means the 
wmofpherical air of any part of a country, may be ferit 
to any diflant one, in order 10 afccnain its compiraiiire 
falubrity ; an.', many ufelul inquiries and dilcoveries may 
be made bere;if;or on this fubjecl, with great cafe, and at 
very fniall txpencc. 

But if I only want to try the air of : the room when 
I have the Eudiometer, I tnen only pour out, of the phial 
the water it contains, I find, However, that, after 
fbme trials with airroai air, the aimofphere about me ii 
loaded with pMogifric miafms: and, for that reafon, I 
I always empty the phir.l a out of the window of the' room, 
io order 10 fave nearly the forte kind of air in all the ex- 
periments. ■■ , ' . * 



clofe 
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plofe to the mouth of the phials •, but when 
ihe phials are made with wide bafes or bot- 
toms, as repiefented in the plate, they arc 
handled by the fame, without the lead incort- 
venience. ,' 

N.B. Particular care mull be taken that 
each phial be exaftly filled with air, viz. nei- 
ther with a.greater or I efi. quantity of air than 
what is equal to its contents (q). 

,r... ' TLl, '<" 1 4 3-The 

fa) There sre Come niceties 10 he obferved in order to 
fill up, exa^ly, any phial intended to ferve as a meafareof 
air ; ot' which ! mull give an account in thii place. The 
pa lie ft -method 10 lucceedis the following r Let' a glafs 
funnel 4 ffig. 17), he cemented under the hole « of the 
(heir a a in the troi'gh. In this cafe, I hold the phial a, 
filled- Wirh water, With i;s month downwards, over ihc 
}mU a of the funnel / : I throw the air into the funnel, 
and, when (he pliiul is Hiled with air, J lake it Jidcmayi^ 
rubhi«z its m-mlt along lit -farfacl cf the jhdf, fi thai ,bt 
ftJuitJant air, cohering is ibi mau.'/i of tit final, be get 
tff: and I put it into the mouth of ihc Eudiometer it be- 
longs to. 15ut a* the heat of the hand null e.tpanii the 
air contained in the phial, which of courfc will then cou- 
sin left air than i:s real niejfme, when in the tempera- 
ture of the fuitounding wa:er ; I handle the phial with a. 
kind of pliers or tong« of wood, rcprereiued fig. 2 1, till 
the neck enters into the pioper place of the vcflll e, 
where I fecure it with the other hand ; and, laying afide 
the wooden longs, I make it properly tight. But if the 
phials have a wide fool or bafis at their bottoms, as re- 
prel'eiilcd in the plate ; it will then be enough to handle 
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43. The phial a being properly filled with 
that air, the falubrity of which I am to exa- 
mine; I put it into the mouth of the veffel 
c, making it rather tight, which muft be done 
with fome care; for, if thephialsuand £ are not 
tight enough to the refpefliTe mouths of the 

them by it only: Jince the heat of the hand cannot be 
then communicated, in fo Jhort a time, to the air in the 
infide, through foch a folid and wide hafe. 

If J hive not the convenience of a trough, furnilhed 
with a (hclf, as above mentioned ; an aftlltant holds the 
funnel under the water in a common tub, whilft I fill up 
the phial with air: and I take cafe to hold the phial in 
fuch a manner, that the end of the funnel be out of the 
infide of the phial in the Lift moment, that the air may 
rufh out, after it is totally filed : otherivife that part of 
■he phial, occupied by the end of the funnel, will not 
be totally filled with the air. But n the air will then 
matte a kind of a pouch in the mouth of the phial; by 
fimpty ruhhng it jSii-.vayi on lit tutcm sf the tub, the 
redundant air will go off, and the real quantity anfwering 
to the capacity of the phial, will be left within. 

Even without any aflillant, but with a Utile care, a 
pcifon may h: ld boh the phial and the funnel in the 
left hand, whilfl he throws the air into it with the other 
hand : as 1 have royfelf frequently done in experiments 
of this kind. But, if I make ufe of the wooden tongs, 
1 add to them two bent piecei of wire * x, (fig- a 8- J by 
meani of which the funnel is kept clofe to the mouth of 
the phial. , 

N.B. Since the firft publication of this letter, I hove 
entirely left off the ufe of thefc woodep tongs, as not ef- 
fcnttally neceiiary. 

4 .veflel 
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veffei c, they will flip out, when turned 
ilownwarch : and, if too tight, the veffei e 
may eafily crack, and become unfit for 
life. The better to avoid there accidents, and 
to judge of the proper degree of tightnefs, 
the necks of the phials a and b, and of the 
velTe! c, as well as the glafs (topple //;, are to 
be -rubbed with tallow, previouily to every 
experiment. When I have done with the 
phial (7, I take the other phial b, filled with 
water : by the fame method I throw into it 
fo much nitrous air, as to be perfectly filled 
up with it : and 1 then replace this phial b in 
the other month of the veffel c (/). This 
being 

(') No pains or trouble ought to be 'pared, in order 
to obtain at »ny rate, a nitrons air perfectly alike in its 

In order io cuius [lie neareft to rim, I take a phial O 
(fit;. 19.) like thufe you have defer ibed in the fecond vo- 
lume ol your works On d-fferint Kind, if Air : to the 
mouth of which i; ground air- tight the crooked tube n a 
in the fliapc of an S. I fill the half of this phial with 
tlii;i brafj wire, cut by a pin-maker to it's proper 
length : I then fi"I three quarters of the phial with com- 
111011 water; and tie remainder ivith nJinnti acid, which 
1 have alivayt takeu of ilie bed fori, at Apothecaries' Hall 
in London. I put the ciouked tube n a to the phial: 
a»d, as Toon as ihc effcrvenft-ence caufea the liquor to 
rife to the end = of the rube, I pafs it under water into 
the mouth of the boule E (fig. 20.) which is filled with 
(VMM, and inverted with it"i mouth downwards, ai marked 
G by 
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being done, I take off the ftopple m, in or- 
der to eafe the feparating both phials in the 
following operation. 

44-1- 

by F, fig. 17. upon the bole of the fhelf at, which muft 
always be cuvcied with water within the trough, or pan, 
as fren fig. 17. 

Wht ij the bottle F is entirely filled by the nitrm air, I 
fllut ii up with iis fiopple x (%. 20J which I pafs under 
the fnrface of the water, \o prevent any comnuinicuiion 
with the external air ■ and I pulh this battle under the 
lielf, where I let it remain fur a quarter of an hour, to 
acquire the time ti-mpenturc with the furrounding water: 
and the fame I always obferve with the bottle, contain- 
ing that Muufphericftl air, which I ticfite to try, before 
I put tt into the phial b. 

I mull acknowledge, however, that, notwith Handing 
thefe precaution!, I cannot fay that all the refults of my 
experiments, even when niade upon the fame atmosphe- 
rical air, have at yet agreed fo exactly as 1 flattered myfetf 
they would : not only myfelf, but even Dr. Pxieftley, and 
all fair experimenters, have found the fame. Sri No. 7$. 
Perhapi there is fame difference in the flrengtb of the 
nkma air, the denfity of which I thought might be pro- 
portionable to its ltrength ; if fo, it may be brought to a 
fettled (landard, and be determined by means of a glafs 
hydrometer. Perhaps there is fome Other litile vaiiety 
in the cirou in fiances of the experiments, the influence of 
which I am not aware of. But. let it be as it may : I very 
willingly leave this problem to be refolved by abler philo- 
fopheri than I can pretend to be : and 1 heartily with 
they may fuceeed better than I hare done : for, without 
being aflured of getting every where a certain fiandard 
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44. I afterwards take the Eudiometer with 
my left hand, and holding it by the part d, 
I keep 

nitrous air, by which the fame armolpherical air may he 
equally aflcfted, we cannot draw with certainty any 
central decifive conclufionj, from Eudioraetrical experi- 
ment!! made in liifiani tiir.es or places. 

Before 1 leave this fiibjcfl, I cannot help mentioning 
two (Inking eircum (lances relating 10 nitrous air. The 
hill is the great quantity of it. produced by the aftion of 
nitrous arid on many metals ) which may ft ill be canicd 
'.o a grea'er extent, if helped, by approaching the flame 
01 a candle to the bottom of the phial, which contains 
the fotutirm, when it teems 10 be neatly done with ; if 
the bottom of this glaft phial, fig. 19, be round and 
*e<y thin, it will not crack by the heat of the flame. 
The fecond circumflancc is the antifeptic power of nitrous 
air to ptefeive animal matters from eorraprion, A beef- 
flcalt, aim oft entirely putrid, and with an infopporiaUe 
fiench, bting put into a jar of n-iiout air, in lef) than, 
two dayi, was peritilly reftortd, and veiy eatable wben 
drtlTeJ. A pigeon was very well preferred above fix 
weekt, by the lame treatment] and, when rualled, waa 
found jjood enough 10 be eaten, without any confidei- 
ahle difiikc. Two other pigeom weie kept in it lull fix 
inon'hi, without conuptitn : ihcy wire Bill verj fiim, 
and of a geod colour ; bot the ftcfh had loft all it» fla- 
vour, and was fur from being eatable, when drcfled. 
But the nitrons air for thefe icconoinical purpofes, whieh- 
may be of a great refource at fea, as well as at home, 
mull be made out of nitrous add \\i\h iron, or other metal 
Itfs cxieptianablc than brafc or copper, the efiluvia of 
which ate pernicious to animals : and for [hit rcafon, the 
G i method' 
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I keep always the part c under die fur/ace 
of [he Water in the trough ; doth to avoid 
breaking any of the phials, if it chances to 
fall, and that no bubble of external air may 
rufli in. Then I turn w ith the right hand the 
vcflel c upwards, fo that the two phials may 
be downwards, as reprefented fig. 14. By 
this operation, the two kinds of air come up 
to*, from the phials a b: ami there they 
mix together in the beft pofliblu manner, the 
particles of each having a large room to 
cnme into contafl with each ether ; dice the 
foreinoft ones do not detain thofe which are 
behind, as it happens when this mixture is 
made in a narrow ? eflel. See Ac 76, 

45. This being done, I obferve the fall of 
the column of water in the tub n d, which 
follows the contraction or decreafc of the 
bulk of mixed air in x. But there is before 
that time a canfiderable expaUion in the very 
firlt moment of their coming in contact, ow- 
ing to the fcnfibh beat produced thereby. 
(See my Ejfay on EkminUny Fire, No. 416 
in French.) I obferve, 1 fay, the fall of the 
column of water within the tube n J, till the 
jnftant that it appears almoft ihnionary, which, 

method already mentionfd, Nr>. 23, fi-cms 10 dr f ; rvc fornc 
particular regard, wliencva the rirto in fiances jIIoiv it to 
tie marie ufe of. 

Will 
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will happen in a few feconds, and will be 
eafily obferved by means of the brafs-riitg z 
(s), being pulhed forwards by little and 
little, according as the infide furface of the 
water falls in n d. 

N.B. That the two airs may mix the better 
in x, I make the veffel e gently, about half a 
dozen times. 

46. As foon as the diminution of the mixed 
air appears to be ftationar.y m n d, I fill up 
; the tube with water ; and then fhut it up willi 
the (topple m, taking care not to leave any 
bubble of air within ; and immediately in- 
cline the top of the imlrument forwards, till 
the air comes from x (fig. 14.) up to the 
top n of the tube. I keep the lower part of 
the inflrument dipped in the water of the 
trough : take off the veflel e, with its phial; 
a b ; and raife or lower the tube of the Edia- 
pietcr, in an ere£l or vet thai pofition, jo as to 

('} This brafs-rjng = ha: a double advantage, viz. that 
pf being oftfd as a mark to afcenain eafi'y ihe teeming 
fi.liionary point of the diminiihed hulk ot' the roiled air 
in x, by the furface of the water in n it ; but it's mod 
\ important ufc is, the avoiding thereby the parallax of the 
flfral ray from the fame furlace of waicr in the tube « rf, 
which is the fame as I have I poke n nf in the French Ties- j 
life upon my New Baromcietj, No. 204 and 206. 

/" 
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fee the furface of the water, in the inJtJe, evttl 
tvitb that on the cuifide; which I mark, by 
Aiding the brafs-ring 3, and fixing it there by 
it's finger-fcrew ; and afterw ards I mcafure 
it's diftance from the top k, by applying the 
divided fcaie (%. 1 1 .) to it's fide, exaftly over 
the notch marked in the neck n of the tube. 
Oiherwife I apply die fame ruler (fig- ir, 
without making now any ufc of the brafs-ring 
x) to the fide of the Eudiometer, whilff it is 
immerfed in the water of the trough : and 
there I fee the true dimeafion ot" the remain- 
ing bulk of the mixed airs. 

N.B. Some Water from the trough fhon'd 
be thrown four or fix times over the tube 
ti d, before the meafure is taken; in order to 
bring the air within the tube to the faws 
temperature with the water, 

47. Perhaps the beft method for thefe ob- 
fcrvations, would be to allow time enough for 
the mixed air to fettle to a certain bulk ; bur 
this fometimes requires a whole day and night, 
I leave, hewever, the choice of thefe two 
methods to the obferver. who may life both, 
if he pleafes, provided he keeps diftinftly the 
refult of each method, in his account of thefe 
experiments. In all probability, the fuft 
method of meafaring the diminifhed bulk of 
the mixed air, as foon as it appears ftationary, 
S h 
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ii what philofophical obfcrvcrs will make ufc 
of, as the. mod expeditious. But I muff re- 
commend lo them the gteateft care in making 
every experiment intircly fimilar to each 
other in all their circumfiances ; bccaufe, 
without this particular attention, no compa- 
rative rcfuks can ever be had in ajiy kind of 
expeiiments whatfoever (t). ' 

4S. No doubt but the remits of £wch fimilar 
experiments will be very nearly alike : and 
by taking a medium of them all, which mull 
be repeated at leaft three or four times upon' 
each kind of air (viz. by dividing the ium of 
their rcfults by their number. See No. 73.) 
This mean refult will be fuch as we may de-- 
perjd upon, to draw proper inferences rela- 
tive 

(1) This is a general rule, which hardly needs to ba 
mentioned, ^ vcn ID beginners in Experimental Philo- r 
fophy. Nevertheleft (10 the glory of Che prcfent cen- 
tury !) a mighty philofophcr was at lafl lucky enough to 
unraTel this abftjuie and inyfterious Rule of Uniformity id 
aerial atchieveincms ; and by means of this happy dilco- 
very, he was enabled to ftrikc out the nitrdtrful ncvi Me* 
'had of performing eudiometrtcal experiments, with no 
grcjtcr variation than the joth part of one meafure ol air. 
Sec Mr. Orualloi Treatifc on the Nature and Preptrtin tf 
Air, p. 3 2S ; and No. 74, and folLonin^, of thii Letter. 

Km. tVl 
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tive to the comparative qualities of each 
air (it), 

■ N.Ii. Proper caution nuifl be ufeJ to clean 
very carefully the infide furfaccs of the tube 
n d t and or" the meafuring phtals a and i> ; or 
elfe there ruay happen fome errors in the ex- 
periments. Sec No. 8 3. And alio not to let 
any bubble of air to flick to the necks of the 
veflel c, or of the tube at d, trV. 

49. The number marked about the middle 
of tiiis ruler (fig. 1-1) ; as, for ioftance, 
* * =; 96 means, that the contents of both 
phials a and b, are equal to ninety-fix divisions 
of the ruler, when put into the tube of that 
Eudiometer : that is to fay, they are equal to 
a (olid cylinder, as thick as the infide of the 
glaft tube, and whofe length is ninety-fix di- 
vifions of the ruler, which has Wen divided 
into tenths of an Erigliih inch. 

50, Now if, for inflance, this remaining 
hull; of mixed air correfpands to the 56th 

(it) I do not mean, i)iar, by eudiorne[ric;d expert-" 
mei-.t*, we are enabled rodiftuver all die bad qualities of 
1I10 i;imor p ht:c, but only thole of it's ph!„giflic:uion. Tiiefc 
liowestr, mull always be of the nuft pernitiout kind to 
animal life; vn ]^ ihey happen 10 be coin pent, ted, or 
even overcome, hy fome local circumltancca, which me 
poweifal enough to counteract thcit nosiuus influence. 

dtvifion 
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divifion of the ruler, it fhews that, out of 96 
parts, only 40 (=96 — 56) have been loft, or 
contracted : and, in this cafe, the wholefomc- 
nefs of that air, which I call A, will be 44* *f 
another equal quantity of a different air, which 
I lhall call B, had alfo been tried by the fame 
Eudiometer, and its refiduum was equal to 60 
parts of the fame ruler, the rcfpeclivc falu- 
brity of the air B will then be to that of the 
air A, as 36 (=96 — 60) to 40. 

51. But, if the air B had been tried by ano- 
ther Eudiometer, whofe proportional dimeo- 
fions, marked about the middle of the ruler, 
Were * * => 108, then the refpe£tive falu- 
brity of thefe two kinds of air A and B, 
would be in the compound ratio of tW t0 45 



10B X 96 



=3456 to 4320=5410 



67, 5: that is to fay,thewholefomenefsofthe 
air B would be to that of the air A, as 54 to 

52, Nearly 

(vj h ii focpofed. thai the infide of tbe tube is of an 
PUttcrm diameter; but ii of en hapfens, thar 1 here are 
lome v Jr „rit» io diffreut parti of in «ho!e leoglb. 
When ihev are „o< very coo lid.-- able, we may otglrft 
their influence .n 'he tcful- of > h fc eu.homeirical expe- 
rinroii ; bur, unen ilie loniraiy i< ppens, 11 will be 
very uiy ;0 m^ke j pioper allowance lor ibin to the 
taknlaiion. It is 101 this nation, that I have always di- 
H reited, 
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52. Nearly the fame refults would be found*, 
if the ruler (fig. 1 1) was applied to the fide 
of the Eudiometer as foon as the inclofed 
mixture of air comes to it's utmoft diminution, 
as mentioned No. 45 : becaufe as much water 
muft fall in the tube n d, as correfponds to 
the diminution fuffered by the two mixed airs 
in x (fig. 14). But the preffure of the dif- 
ferent columns of water on the air in x, muft 
caufe fome varieties in it's bulk : and thefc 
varieties ought not to be overlooked in nice 
experiments. Thcfe are, however, totally 
avoided by the procefs alreafly defcribed No. 

reflcd, that the contents of one tingle phial be matked alfo 
upuii the fcale of each Eudiometer, as well as ibe con- 
Lcnts of both phials : For inftance, as in this manner : 
* * s= 96 
* = 47 

which means, fit:!, that the contents of both phials a 
and i are equal to a cylinder, whofe diameter i> the fame 
as that of the infide bore of the lube a d [fig. 16), and 
whofe height is equal to 96 equal divifioas of the ruler r 
fecondly, that .the contents of a finglc phial are equal to 
47 ilivilions in the upper part ol the fame tub* m n J, 
aiid of comfe to 49 divilions [=96—47) ot iis loner part. 
By this difference it appeart, that [he tuba of fuch Eudio- 
meter is wider in the top- than at the bottom, by ^ of 
the whole ; and an allowance may then be wade, by the 
R*tt of Proportion, to correct this difference; according 
as the place of the infide furface of water in the tube, 
(lands under or above the 47th divifioii of the fcale, &c. 

4«> 
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46, and marked by Italics in this new edition, 
that the reader may not overlook them as 
happened already to a modern writer. See 
No. 64. But this procefs is not eafily per- 
formed, when the tube of the Eudiometer is 
of the longer fort, for the purpofes hinted 
in No. 92 : as a greater depth of water is 
then required to bring the infirle furface in 
the tube 11 d, even with that of the trough. 
In this cafe, rccourfe may be had to calcula- 
tion, according to the Problem 19, No. 99 
of Chr. Wolf's Aeromeiria, in order to find 
the real quantity of the diminiflied air con- 
tained in n d. This requires that the height 
of the Barometer be known alfo at that mo- 
ment. 

53. Let us call the height of the barometer 
», which 1 will fuppofe to (land at 28 inches. 
The infide fpace from n to e (fig. 16.J 1 will 
call a (=39 inches) : and the difference of 
the two furfaces z e I will call n (== 14 
inches): £hen the formulae : m — n: :a — n:x, 
will give the real quantity of the diminiihed 
air in mz, if the two furfaces were even, viz. 
28 : 28 — 14 (=14 inches) : ; ^9 — 14 (=25) 

:x: from whence we have — 12,5. 

So that, if the experiment was tried with quick- 
filver, the quantity of the apparent bulk of 
Ha 25 
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25 inches, (hould be no more than 12 inches 
and an half. But, as water is 14 times lighter 
than quickGlver, the firft term m, muft be mul- 
tiplied by 14: and the proportion, in this 
cafe, will be m ( = 14x28=391) : m — « 
(=392 — 14=378) : : 25 : X; which gives 

= = 24,107; that is to fay, the 

39* J 
bulk of the 25 inches of air, in that cafe, is 
but 24 inches and 107 millefimah of an inch. 
In order to be ihe more accurate in thefe cal- 
culations, the true fpecific weight of the 
quickfilver, relatively to the water employed 
in the trough, (hould be known ; becaufe it 
is only when compared with diftillcd water, 
that quickfilver is nearly fourteen times hea- 
vier : the difference of temperature between 
the air of the atmofphere where the trials arc 
made, and that where the barometer is fi- 
tuated, fhould alfo be known ; becaufe a dif- 
ference, but of a few degrees, will caufe fome 
expanuon in the column of air within the 
tuhen e. See No. 63, and following. 

54. Whenever I have at hand a tall re-- 
eeivcr, like thai reprefented fig. 14, the whole 
procefs is then more cafily performed ; for, in 
this c;ife, i dip the Eudiometer, inverted as 
it appears 6g. 1 2, into the water contained in 
the 
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the veffel V S q I : I then put the two kinds 
of air into the phials a and A as aboveiaid, 
No. 41 and 43 : I turn the in lira meal upright, 
as reprefented fig. 14; and finifli the procefs, 
as I have already ddcribed. It is in this cafe 
of having a lung glafs receiver, that the co- 
lumn of air is better afcemined with the 
lower edge of the ring 2, which may then be 
feen horizontally in contact with the inner 
furface of the water in the tube, as has been 
faid in Note Jfw). 

55. I nraft, however, warn the operator 
that, unlefs every trial, and even almoft every 
part of the procefs, be made in the fame tem- 
perature ; or, at lead, unlefs the varieties 
arifing from this caufe be accounted for ; no 
reliance can be had on the refult of fuch ex- 
periments : it being well known, that air is 
apt to encreafe or diminifh very conliderably 
in it's bulk, by the influence of heat and cold. 
It is for this reafon, that I conftantly keep a 
good thermometer K, which hangs by the wire 

(to) It was for this very purpofe, (hat I have fome- 
times taken from the irough ihe tube n d of the Eudio- 
meter, in the laft operation by paging under it, in the 
water, a ylals bell, in which I was then able to make 
the obfervaiion, in she manner I have exprefled; but, in 
Ihia cafe, care mull be had, that the air within the tube 
n d ikes sot alter it's temperature. 
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y r, and is immerfed in the water of the glaft 
\effel, fig. 1 4, or in the trough fig. 1 7, when- 
ever I make any of thefe experiments. For 
the fame reafon I take care to leave the Eu- 
diometer and the Teffet of air immerfed in 
water, time enough, as above mentioned, to 
get the fame temperature : and I make ufe of 
the wooden tongs mentioned in note g, when- 
ever I handle the phials a and b filled with 
air, unlefs I feel the heat of my hands to be 
the fame as that of the water, in the trough, 
Intake ufe of. But if the phials are made 
with a flat bafts or bottom to each, as repre r 
fented in the plate ; in that cafe, the wooden 
tongs are quite unneceflary. 

Examination of Mr. CAVALLOS 
Strictues on thefe Eudiometers. 

Si.Thedefcriptionof myfacond Eudiometer 
being here fupprefled, for the reafons given in 
the note (x): I fhall fubflitute in it's place, a 
(here examination of a very extraordinary 
cen- 

fb-J In (he two preceding cilitioni of this Letter, I 
dclcribed in this place, a fecond Eudiometer, reprefented 
by fig. 15 Tin the plate. Thit i nil rumen I had ibtne 
more apparatus, that rendered it dearer, and not fo Gmple 
si the other two: and, for thefe two reifons, I rather 
chofe to flipper,, j t i„ this edition ; becaufe (implicit? iti 
[hilofopiiical experiments, and cheapneft of the inflru- 
menu 
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cenfure, which Mr. Cavallo has paned on my 
Eudiometers, in his Treatife, publilhed two 
years ago, upon the Nature and Properties of 
Air : fo extraordinary indeed ! that it ap- 
peared to mc, and, I trulr, will loon be feen 
in the fame light by the public, that, had I 
not been perfuaded that it could not arife 
from any private pique (not being confcious 
of ever having given that gentleman the lead 
offence ; but, on the contrary, having ever 
harboured a partial opinion of his abilities) 
I fhould have thought it impoilible to hava 
proceeded from a perfon who had the leaft in-> 
fight into the fubjeil : nor can I reconcile it 
to my feelings, that Mr. Cavallo could have 
been bafe enough to fell bis pen for any pro- 
fitable emolument, as a reward for ellablifli- 
ing the credit of Mr. F'ontana's Eudiometer, 
by depreciating mine } which is a fufpicion, 
that mjght perhaps be fuggefted by circum- 
ftances, without ever being demonfirable by 
direct proofs. 

57. Yet, fince Mr. Cavallo could probably 
have no other motive in palling this opinion, 
but a convtflion of it's being founded in 
truth ; this may be a fimple error in judg- . 

nicnlt required for cTieir proceflts, are two of the mod de. 
Arable circumflance!, caicrii paribus, in ihe inveftigation 
•f natural phecnomena. 

mcnt : 
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merit: and, I hope, that Mr. Cavallo, as a 
philofopher, will not be difpleafed to fee it 
rectified. I am as liable to deception as he is : 
infallibility is not the lot of man : but a3 
Mr. Cavallo's criticifm has already been two 
years before the public, I will fubmit alfo to 
it's decifion the following obfervations on it. 

. 58. 1 think it rather odd, ihat Mr. Cavallo 
propofes (p'. 315) to give a description of 
the principal known Eudiometers j becaufe, 
fays he, fame have peculiar advantages, which 
may be ufeful — and alfo becaufe I will not take 
vpon me to determine, which of them is 
more or lefi ufeful. He then gives fcarcely 
half a page to the account of Dr. Prieftlys 
Eudiometer : and not more to that of Mr. 
Landriani : but employs no lefs than twelve 
pages in his account of my poor Eudiometers, 
tranferibing, word for word, many articles of 
this letter : and concludes, p. 325, (with what 
conuftency is belt known to himfelf), by af- 
furing hii readers, that all my Eudiometers are 
quite ufclefs. Certainly Mr. Cavallo could as 
well have cut fliort the matter in two or three 
lines (unlefs he intended to enlarge the bulk 
of his Treatiie) ; and palm upon his reader 
that very ajfurancc he trufts to. This, how- 
ever, muft reft upon the folid grounds of ar- 
gument and principle, without any regard to 
1 the 
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the authority of his aftertions. Happily thefe 
are fo arbitrary, and fo groundlefs, that 
they need only to bo pointed out to enable the 
public to judge, both of their incoufifteiicy 
and of their fuiacy. 

59. Mr. Cavallo fays, p. 326, that the 
conftruflion of my Eudiometers is principally 
founded upon the urifiaken phenomenon of the 
increafe of bulk fy) of nitrous and common 
air, at a certain time after they are put toge- 
ther. Now, if the reader has paid the kali 
attention to the conftruction of thefc inftru- 
ments, he mall fee the falfity of this allcr- 
tion, there being but Amply the ring z, which 
is employed, only in a particular moment, ;o 
obviate that uncertainty; it's pricipal nfe 
being to avoid the paralhx of the viiual ray, 
in judging of the true height that the furface 
of any fluid really has, within a glafs tube, 
when compared with a feale placed by it's 
fide. See the Note j to No. 45, If this ring is, 

(y) To avoid an}- mtihke, the reader Ihould lake no- 
lice, thai ihis iucea/e of bulk in the mixed air, is not [hat 
which always happens in llie very moment ol ihc two 
airs touting together, mcniioi'cd Nu. 4; : and ivhieh Mr. 
Cavallo fecroi never to have been aware of ; at leali, I dj 
rioi recollect to have feen ii noiiced in the title part 1 have 
read of his voluminous work. The ittreafi I am now 
fpeaking 01', is an accidental fccondaiy one, which *'tU 
be explained No. 60, and following* 

I ' Of 
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■Or is not ihe wbsle, ©r the principal part of my 
Eudiometers, any one may judge forhimfelf. 

60. As to my miflaken phenomenon, which, 
Mr. Cavallo fays, it owing be cannot ii)iaghit 
to what cauje ; the public will eafily fee, not 
pnly what is the cauft of it, but alio that it 
could not have been a mi/lake of mine, when- 
ever the fame caufe cxifted, widi i{'s cirenm- 
ftances. It is true, that I was not able to 
comply with Mr. Cavallo's requeft, by fliew- 
ing it to him, at that lime he defired it. \ 
h.id then loft fight of thefe experiments a 
long while : and was unwilling 10 fpeiid more 
time to bring them to my recolleffion. Here 
is the principle: let the public jutlg?, whe- 
ther it can fai! of producing it's effeft. 

61. It is well known, that water is always 
fome degrees below the temperature of the 
atmofphere, when it ftands in a large quan- 
tity by iifelf i unlefs any fur rounding b/)dy is 
fo circumftanecd, as to railc it to the externa} 
temperature. That this is the real fa<ff } 
every experimenter may try : and this is lery 
calily accounted for, by the continual evapo- 
ration, which is always more or lei's in water; 
and which carries off fo much of it's (hire of 
abfolute heat, which it cannot be fupplieq 
With, from the oiher bodies in contaft with it; 
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unlefs their contiguous furfaces have an equal 
ratio to the bulk of the water itfelf. IF Mr. 
Cavallo is not aware of this, or is ignorant of 
It, f cannot hel[> it. 

6>. Now, when the two airs are brought 
together in the vefTcl c, by inverting it i if 
this vcflei is left under the furface of the 
water in the tub, time enough to acquire the 
temperature of tiie water: as foon as the 
mixed airs are brought up to the tube n d, 
this mixture muft expand itfelf, whilft it is 
acquiring the fame higher temperature of 
tlu fJrrounding atmofphere-: bat afterwards 
it decreales fo very flcivly, that it fome times 
takes above twenty-four hours, as I have faid 
in the words Mr. Cavaiio tranferibed from my 
Loiter, in p; 319 of his book. 

63. Add fo this ; that, if the tub or trough 
of water is in a diftant corner of a room, 
lhaded from the external heat of the day ; and 
the Eudiometer is carried, as I did carry it 
often, near to the fun-flune, for the fake of 
a better light ; this phenomenon of the ex- 
panfion of the mixed airs included therein, 
n»u(l be much more coil fpicuous. Thus far is 
fuflicient for the fuppofed mi/lake of that 
phenomenon, which of courfe is, and muft 
be a real faff, whenever the fame circurn- 
I % fiance* 
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fiances occur : although, at firft, I couTci 
not find out tlie true principle or caufe of it's 
being fo ; nor, among the many folutions 1 
received of this problem, did any hit on it's 
Efue caufe. I have 'only to add, that on my 
acquainting my good friend, and true philo- 
fopherj Dr. Prieftley, with that fafl, he an- 
fwered fomc time after, that he did obfervc 
the fame. Let the reader now judge of tlic 
poflibility of my mifiake. 

64. Mr. Cavallo, p. 320, fpeaks of errors 
of my Eudiometers, arifing from a greater or 
leffcr preifure of the column of water, within 
the tube d iu It is very Angular, iln-t Mr. 
Cavallo copied my very words, from No. 29, 
of 'the firft edition of this Letter, (and now 
No. sfi of this edition) -into p. 319 of his book 
where I prefcribed the very fame method of 
avoiding this error, which Mr. Fontana imi- 
tated in his Eudiometer, vix. by raijing or 
lowering the tube of the Eudiometer, fo as to 
fee the fitrface of the water in the inftde, even 
■with that on the cutfde, &c. Thefe were my 
very words quoted by him, in the faid page: 
and this is the very direction he gives after- 
ward-; (p. 335% where he fpeaks of Mr. 
Fontana's Eudiometer. I am almofl inclined 
to think, that Mr. Cavallo polTefTes that molt 
fmguhr talent never heard of before, and of 
which 
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Which nobody elfe but himfelf can boaft, 
viz. that of copying, without reading at all 
what he- copies. I will not purfue this ludi- 
crous thought farther, concerning his abilities; 
but the reader will eafily perceive, that Mr. 
Cavallo has his abfaicts (Cefprit, and does not 
think at all of what he is about, when he 
writes to deprefs the invemions or contrivances 
of tiiofe, whom he has fome ftcrct reafini to 
diflike. 

65. Another error Mr, Cavallo remarks in 
my firft Eudiometer (fame article, p. 320) is 
a very curious one indeed ! It confids in thg 
•very aft cf pulling the Jiopple m : but this 
error is of fuch an extraordinary nature, and, 
if you plcafe, of fuch a fublimc kind, that, 
Whilfl he is contented with explaining himfelf 
in fuch a myfterious way, I mult leave it to 
be contemplated by the reader, at any mo- 
ments of more leifurethan I generally have. 

66". Mr. Cavallo adds, in the fame place, 
that the greatejl fault (this is certainly the 
greatejl CQtnpIimtni) of my Eudiometers, lays 
la not admitting more than one meafwrt of nU 
trans air. No wonder ! Mr. Cavallo was not 
difpofed to read the No. 45, and following, of 
my printed Letter (being No. 92 and follow- 
ing of this edition), where the very contrary 
5 t<» 
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to his affercion is cxprelted j viz. the method 
of em ploying as many mcafures of nitrous 
air as one pi cafes. But even independent of 
having a larger tube, is there any body who 
knows not, that by making ufe of /mailer and 
fmalkr mcafures of, air, the scry lame lube 
may receive ttrger ami larger numbers of 
thera ? Mull one be aiw.iys chewing common 
food, like nurfes, for little babies ? 

67. I cannot help fmtHng at a period of 
Mr. Cavallo's (p. 329J, where he fays, Mr, 
Yontana contrived a ineafare, vjhicb is the only 
infirament hitherto knoiun, that it capable of 
meafming aliL-ays c, ct».jfn>it quantity of elajiic 

fiuiJ. — Is not the method I have given, mucb 
before this wonaerful invention (p. 23, notcg 
of the fivil edition, and page 39, note q of 
this prefent edition) equally effectual, with 
this only difkrenre, that mine is infinitely 
more Ample, and cheaper, fmce it cofts no- 
thing ? — Let the public judge. This gieat 
invention calis to my recollection the humo- 
rous print, pablifhed lome years ago ; where 
all the mechanical powers, and a great com- 
plicated muchmerv was rcprefented, as em- 

'ptoscd to draw out — what? — the cork of a 
botilp ! 

68.1 
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68. I come now to the lafi fault of my 
Audiometers, which Mr. Cavallo did not 
honour with the epithet of the g r eatcjl not- 
with Handing that it alone ought to damn them 
compleatly, if it really exifted, as he pleafes 
fo aflert, with that candour which I never ex- 
pected from him indeed! 

60. He fays (p. 337), that with my Eudio- 
meters, one cannot depend upon greater ac- 
curacy than about on; 13th part of the 
whole. But, as I have faid above, that Mr. 
Cavallo is fomc times abfent from bimfilf\ it 
will naturally follow, that his anions, nt that 
time, are not his own : and wrong or bad as 
they may happen then to be, they mutt not 
be attributed to his own principles. The 
true fail was as follows. Mr. Cavallo told 
me once, that he could not . ohferve, that 
infreafi in bulk of the two mixed airs above- 
mentioned, No. 60. 1 anfwered him, that I 
was certain of the fadV; and that I thought, 
I was able to demon [Irate it to him at any 
time. Accordingly, Mr. Cavallo called at 
my apartments one day for this pmpofe: and 
jndeecl -I did not fufpeft in tiie leait, that he 
came for any other, 

, 70- 11 
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70. It happened, however, that the elr* 
omittances Were not as they fliould be, to pro- 
duce the fntd phenomenon, which I had al- 
ready endeavoured to repeat a little before he 
came, without fuccels: but certainly, I did 
not acknowledge, as he infinuatcs, thai I had 
been miftaken. This fuppofed acha.-wkdge- 
jntnt is, and mull be falfe ; what I then faid, 
was only this, that n;t obferving the fame phe- 
nomenon as before^ I could not at prefent tie 
mint for it ; and that, in all probability, it 
depended upon feme cireumftanccs-, which had 
not been propei Ij attended to, 

71. Mr. Cavallo Teemed to aequiefce in this 
matter : aad defired (with what defign, I did 
not then fuTpefi) to fee, how I worked with 
jny Ludiomeicr. I complied with his rcqucit 
in a careiefs and unguarded manner, by no 
means intending, as he fay^, to try the quality 
of the air out of my window. Indeed, I hacl 
not, nor could I have at that moment, any 
other view than fimply to Ihew my own ma- 
nagement or manner of handling the inliru- 
merit ; but Mr. Cavallo took care to note the 
rcfalts. On this, however, I put not the 
leaft bad confiruftion ; although I now fee, it 
was intended merely to ceufure the whole pro* 
cefs. 
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72. Now, I appeal to Mr. Cavallo's can- 
dour, (uniefs he is (till abfent from himfclf), 
whether this is, or is nor, the true ftate of 
that tranfaftion ! 

But, at the fame time, I do appeal alfo to 
all Experimental Philofophcrs in the world, 
whether in any fuch trials, as thefe he rightly 
defcribes (pp. 326, 327)1 of four experiments, 
made in fuch an unguarded and carelefs man- 
ner, one of which gives a refult fo widely 
different from the three others, as 48 to 58 : 
whether, I fay, they fliould not exclude it 
from the other three ; and fhould not fufpcfl 
it, as proceeding from.fome inattention or mif- 
tate in the operation ? This is a rule dilated 
"by common fenfc, and generally adopted by 
true Experimental Philofophers ; from which, 
if Mi. Cavallo deviates, in his experiments of 
any kind, nobody can expeS any thing but 
numberlefs blunders and the moll egregious - 
abfurdities in all his aiTertions. 

73. Then, if we exclude, as we ought to 
do, the experiment of 58 degrees or divifions 
according to my (cale, from the other three, 
two of which gave 48, and only'o;.? 5 1 divifions; 
we lhall find, that the mean refult is no more 
than 49. It is therefore evident, that the 
whole variation of thofe trials does not a- 

K mount 
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mount to more than one part in 132 of the* 
fcale. And this feems the moll reafonable 
calculation, as there were twice 48, and only 
once 51, in the three experiments. 

Now let the reader judge for himfelf of the 
fair concluficn Mr. Cavalio draws from hence 
about the unfitncfs of my Eudiometers for the 
furpofes they are intended to anfwer f 

74. But at the fame time let the reader 
judge alfo of the accuracy and confirtency of 
of Mr. Cavalio with himleif, by afTuring the 
public, (p. 328), that the accuracy of Fotf- 
tana's Eudiometer is fuch as can hardly be 
believed ; and that it's error very feldorrt 
amounts to one fiftieth of a meafure i whilft 
in mine, by the very carclefs experiments he 
wimeffed, if they are duly calculated, it 
amounts to no more than to one fixty-lixth of 
one meafure, or to one 133d of the two. In 
all probability, the mind of Mr. Cavalio was 
at that time on it's rambles ; I mean, he wa* 
abjent from himfelf; and confequently he over- 
looked what he was about to write. 

75. Finally, let us examine, if poflr- 
ble, how it comes to pafs, that modern phi- 
lofophers in general agree, that, by mixing 
the very fame meafures of fimilar nitrous 

tftdt 
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and common air, their bulk is very often 
unequally diminithed at each time : how comes 
it to pafs, I fay, that this general and incon- 
troverted faft is frustrated by Fontana's Eu- 
diometers ? Is there any man of common 
fepfe, except Mr. Cavalio, and the like phi- 
lofophers, who would not direflly conclude, 
that there mult be fome cheat or other in the 
performance of this inftrument, to fliew the 
very reverfe of what happens, when the 
fame experiment is performed in the fimplelfc 
and plainefl way ? 

76. Dr. Prieftlcy and I, as well as almoft ail 
other experimenters, Mr. Cavalio and his 
friends only excepted, always put together 
two or more equal meafures of nitrous and 
common air, in a veflel large enough to let 
every one of their panicles come into contaft 
with each other : and afterwards throw them 
into the meafuring tube. By repealing the 
experiment feveral times, with the very lame 
circum ftances, and with equal care, we gene- 
rally find, there is very often a fenfihle differ- 
ence between fome of the experiments : but 
we take a medium of them all, to form our 
judgment- Mr. Cavalio, however, and other 
Fontanifls, initead of putting both airs to- 
gether in a large veflei, to give room to their 
reciprocal aftiofl, throw one air after thp 
K 2 other 
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other into a narrow tube, where only can be 
had a partial action between the two aerial 
fluids; and then they are very happy to find 
that almofi conftant refult of their repeated ex- 
periments, they glorioufly boafl fo much of. 

77. Strange happihefs indeed! If we al- 
ways find, that guineas are heavier that fal- 
lings, and fee that a balance fhows them of 
one equal weight ; fhould we not think, with 
the utmoft reafou in the world, that fuch a 
conftant appearance muft be a meer cheat in 
the balance itfelf ? Is not this fimilar to the 
tricks of Jones, Comus, Breflaw, and Katter- 
feho, who make things appear what in reality 
they are not I 

78. There is fomething remarkable in what 
Mr. Cavallo fays, (p. 327)1 viz. that / ac- 
knowledged to him, that I had defpaired of ob- 
taining a conftant refnlt from thefe experi- 
ments with nitrous air. But, after my having 
acknowledged the fame uncertainty to all the 
world, in the very firft (page 26) and fol- 
lowing editions of this letter ; one may be apt 
to think, that Mr. Cavallo has overlooked it; 
and that he miftook what 1 had faid to him, as 
if it was a fecret or a friendly confidence, of 
which he had the generality of availing him- 
•elfj by cifclofing it to the public, to expofe 

■ my 
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my poor Eudiometers. If fo, he was guilty 
of au unhappy overfight indeed ! 

79. Now, if we combine with this pro- 
bable fact, the peculiar advantage that Mr. 
Cavallo has endeavoured to draw from the 
unguarded cxperiments y he came to fee in a 
friendly manner at my lodgings : — when it is 
confidered, that I was treating him with the 
moil friendly regard, whiift he was muttering 
toyciher fuch a heap of doughty arguments 
againft my poor Eudiometers : and that I have 
continued everfince the fame behaviour towards 
him, whenever we met together, without his 
having uttered a fingle wotd of what he was 
doing, or ever aftcrwatds .Halting the leafl ex- 
cure for what he had done ;—l cannot help 
judging thefe circumftances deferve to be 
known, that the public may form a true efli* 
mate of the whole. 

Defcripiion of anotfxr mew eudiometer. 

80, This Eudiometer is the nearefl. to your 
original one : and after the material improve- 
ment Lhave lately nude in it, I cannot heft- 
tate to conlider it now, in my humble opinion, 
as one of the beft, both on account of it's fim- 
plicity and cheapaelsj thefe being two circum- 
' ftances, 
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fiances, which deferve to be attended to lo 
all kinds of experiments, as I have noticed 
in my Letter of the 30th of Noyembee, 1 if 6. 
This, however, I gladly fubmic to your fupe- 
rior judgment. 

81. This Eudiometer confifts in a ftraight 
glafs tube e n (fig. 8), of an uniform dia- 
meter, about one or two feet long, ground 
air-tight to the neck e of a large ball r, about 
three inches diameter, which has alfo an 
opening 0 in the top, with a fmall ground 
Hopple / to it. The lower end n has alfo a 
glafs ftopplc fitted air-tight to it ; and either is 
wide open like a funnel, or a feparate one is 
to be made ufe of, as feenfin fig. 8,) by the 
pointed fliape there marked at the lower end 
«. The two necks e 0 of the ball /, and the 
lower end » of the tube e n may have a 
brafs ring cemented to each, in order to 
ftrengthen them. 

82. Befides this, there mutt be had a di- 
vided ruler, (fig. 13) like that defcribed No. 
38 ; a fmall fyphon g h (fig. 22), with a 
brafs ring K: a glafs funnel^ (fig. io), which 
fliould be ground to the end a 'of the tube : 
and finally two fmall phials, like z, (fig. 9), the 
contents of one being but half of the other; and 
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fiich, that both the tube n e and the ball s, 
may contain 8 or 10 measures of the fmaller 
phial. 

83. Here I muft animadvert on what ought 
to be already done, when I fpoke of the firft 
Eudiometer, viz. the care that is required to 
be taken, not to leave behind any bubble of 
air, flicking to the .necks of the inftrument, 
nor to the infide fnrface of the tube and 
meafuring pieces of the Eudiometer, before 
any trial is made; becaufe there is always 
formed, over aglafs-furlace, a kind of an in- 
cruftation, almoft imperceptible to ihe eye; 
which proceeds from the heterogeneous greafy 
particles which are 0oating in water and air, 
and hinder the elofe contaft between the glafs 
and water; fo that when fuch glals vefle! is 
emptied, the watery particles that are adhering 
in certain fpots here and there, attract the 
neighbouring particles of water, and form 
themfelves into drops, which would otberwife 
fall down, if the near fnrface of the glafs, 
fo coated, did not oppofe their paflage. 

84. This is the true explanation of this 
phenomenon, fo commonly obferved, and fo 
little undeHlood ; even by fome pretended 
nice experimenters, or elfe they thould not 
infift fo much on having -the tubes and mea- 
sures 



■}Z EXAMINATION OF 

fares for eudiometricul experiments, quite im- 
polilhed on the infide; becnufe as foon as 
this unpolifhed furface becomes covered with 
that greafy coating, the fame large drops will 
be there formed as before j and their added 
bulk will defeat the nicety of the true mea- 
fure's being fliewn by the inflrument. From 
hence it is evident, that the remedy does not 
lay in depolifhing the infide of the inffru- 
ment, which is very tedious and tirefome, be- 
fides the cracking und fpoiling it in the ope- 
ration, which often happens ; but fimply in 
well cleaning the infide, both of the meafur- 
ing mftrument and of the tube. This is 
very eafily done, by rubbing well the infide 
furfaces with a wet rag, tied round a ftick or 
a thick metal wire a little bent at it's end, and 
powdered either with flour of emery ^ or petea, 
crocus marlis, colcothar, or even only daubed 
over with bard foap. 

THE PROCESS. 

85. The practical way of employing this 
Eudiometer is eafily underftood, by what I 
have already faid of the preceding one. 

F'rft, the Eudiometer n e (fig. 8) is (hut 
up with the (topple t, in the neck 0 : it is 
6 then 
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then filled with water : and fet up in a vertical 
pofition, with it's mouth n open, under ths 
furface of the Water in the trough (fig. ty), 

86". Sttondtyi the largeil of the two phials 
k (fig- 9) is filled as above dircfted (No. 41), 
with the air intended to be tried: and is thrown 
into the tube, by means of the glafs funneljr 
ffig. 10), which being ground to n, will [lick 
there: otherwife it muft be held to it with 
the hand f unlefs the mouth n of the tube be 
Aide enough, not to be in need of any fun- 
nel, when any raeafure of air is to be thrown 
into it, without any lofs. 

8j# thirdly, the fame larger phial z is 
filled with nitrous air i and this is thrown, in 
the fame manner, into the tube n e. 

88. Fwrthly, the fiphon (fig. iz), is added 
immediately, putting the lower end b into the 
the mouth n of the Eudiometer, under the 
furface of the water, fome of which is 
poured into it : and the ltationary moment, 
fpoken of No. 45, is watched by means of 
the ring K (fame fig. zz), fhaking the ball j 
Eve or fix times, that the two airs may b<j 
well mixed together. 
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89. Fifthly, when the moment arrives (fee: 
No. 46) ihe fiphon g b (fig. 22) is taken' 
off: the Eudiometer is liiui up with ftopple 
m (fig. 8) under- the furface of the water in 
the trough: and then is inverted with the 
ball s downwards, and the neck n upwards, 
taking care to prevent any bubble of air flic- 
king to the neck e (fig. 8). In this fitua- 
tion, the ftopple t is taken under the furface ' 
of the water from the neck o- t and the inltru- . 
ment is raifed or lowered, until the inGde' : 
furface of the water becomes even with the - 
outfide of the water in the trough; See No. 46. 

90. Lajlly, the fpace occupied by the refi- 
duum of the diminithed air, is meafured by 
apnlving to its fide the ruler or icale (rig. 13) ;■ 
and the refult is efiimated after the manner al-' . 
ready explained N0.49 and No. 5 i,havtng taken 
care to reflore the temperature of the diminiftied 
air, as noticed at the end of No, 46. 

91. The fame precautions I have fpokeo 
of (Numcros45,47, andsjjmuft beobferved 
when this Eudiometer is made ufe of, in order 
to form a proper judgement concerning thofe 
places, where people may be able to live with- 
out danger of hurting their conftitutions, by 
breathing, and being continually furrounded 
by, noxious air j which they have not yet been 

3 able 
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able 10 diftinguifli from the mod wholefomc, 
except by a long and too late experience. 
See Note u to No. 48. 

oi. The Eudiometers already defcribed are 
the fitted inftrumenrs for philofophical expe- 
riments 011 the bulk of air and other fluids, 
when mixed together ; and even when mixed 
with fome folid fubftance, which can be in- 
troduced into the lower veflel c of the firft 
Eudiometers, or in ihe ball / of this fecond 
kind. It will be better, however, to have 
them made purpofely for fuch objcfts, with a 
tube, two, three, or more times longer than 
I have indicated above. Or elfe the fmaller 
phial already mentioned No. 82, is then to 
be made rife of. In this lafl cafe, the very num- 
bers marked in the fcale (fig. 13) may be cm- 
ployed in the calculation, only taking care 
to halve themj becaufe this fmall phial con- 
tains but half of the larger one, which is ufed 
in common experiments. 

93. Whenever dephlogifticated air is to be 
tried by thefe inftrumenrs, proper care is to be 
taken to obferve the precife point of its full fa- 
turarioD, which is that of its greateft diminu. 
tion by the addition of nitrous air. 

_ La 94. In 
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94. to order to make this experiment with 
great accuracy, let a narrow glafs tube of an 
uniform diameter (fig. 24), be provided : let 
one of tlic two phials a or b (fig. 16), filled 
with qnicklilvi r, be thrown into it, and the 
tube cut exaflly to that dye, fo as to contain 
neither more nor left. Let it's whole length 
be divided into fomc number of equal parts, 
by which number the value marked on the 
rnler (fig. 11), of this Eudiometer, may be 
divided without any fraction: for inftancc, 
when the number * * = 108 is marked in 
tin; ruler, it means, thai the contents of the 
two phials a and b, of which I fpoke No. 49, 
are equal to a cylinder of ic8 divifions long, 
as thole of the ruler: and, of courfc, it thews 
thai a fingfe phial a or * contains but 54 of 
(hefe parts. In this cafe this tube (fig. 24) 
may be divided either into 27 parts, each con- 
taining two of the ruler i or into 54, into 
icB, &c. 

95. If the top of the tube is not very flac 
in the infide, it will be more exaft to divide 
the weight of the quickfilver into two parts j 
to put one of them into the tube ; to mark 
the fpace occupied by it; to divide the part 
of it, which was empty, into half the number 
intended for this tube ; and afterwards toj 

divide 
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divide die other half into fimilar equal parts, 
as the firfi half, carrying them towards the 
clofed end. It is hardly neceflkry to notice, 
that the very fame Eudiometer defcribed No. 
37. and following, of a common fizc, will ferve 
alfo for thefe experiments ; if inftead of the 
phtals a oc b, any other of a much final icr fize 
is made ufe of. The Eudiometer being in the 
pofition reprefented by fig. 14, but without the 
phials a or b, it will be very eafy to apply the 
funnel B. jig. i£S. to one of the two under 
holes of a or b : and to let the fmaller meafure 
of atr go fgeceflively through it into the up- 
per part * of the veffel c, &c f 

96. If the dephlogifticated air Is very pure, 
it will require much above the double quan- 
tity of nitrous air, to Be completely faturated. 
In order to do this without exceeding the 
neceffary quantity, I throw into the tube nd 
(fig. 1 7) a fecond meafure b qr a of nitrous 
air, after I hare brought the procefs to the 
moment mentioned No. 46. In this cafe, the 
whole volume or bulk of the dephlogifticated 
and nitrous air, will be 162 [=108+54"]. I 
obferve where, the furface of the infide water 
in the tube, (tops: and I mark it by Hiding the 
brafs ring 2. I then fill up the divided tube 
fig. 2+) with nitrous air: I throw a fmall 
quantity 
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quantity into the Eudiometer's tube ttd; and, 
if it becomes of a reddifh colour, the inclofed 
air will diminifh. I then pu£h up the ring z: 
arid, by this means, I go on throwing in the 
nitrous air, by little and little, till I fee that 
the whole dimioifb.es no more ; which fliews 
roe that it is fully faturatcd. 

97. Let us fuppofe, for example, that the 
tube (fig. 24.) was divided only iruio 27 equal 
parts ; and that the faturation of the dephlo- 
"ifticated air was compleated at the eighth 
divifion of it : this thews that 19 parts [27 — 8 
= 19], equal to 58 of thofe marked in the 
ruler, have been thrown into the Eudiometer; 
that ts to fay, thai the whole bulk of both 
kinds of air is equal to 206" [=162+38] 
meafures, as thofe marked by the ruler 
(fig. 11.) already explained No. 50. Now if 
the remaining quantity of air, within the Eudio- 
metrtcal tube, is only equal to two divifion s or 
numbers of the ruler 1 it is clear that fuch de- 
pblogifticated air is ninety-nine times of an 

hundred Joi = IooJ pu^ air i fmce 

.its bulk is reduced, by the combination of 
nilroui air, to the -riv of the whole. 

98- 
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. 98. It is but three days ago (%), that you 
(hewed me fuch a wonderful kind of air, as I 
have exemplified in the preceding article. 
This air you have produced before ray eyes,' 
from a folution of quickfitver in nitrous add, 
made many months before, and then diltilled 
in a long but narrow glafs retort, with a fand- 
heat.v This is, indeed ! an extraordinary phe- 
nomenon: and feems to bring us, perhaps not a 
little, nearer to the door of the fecret labora- 
tory of Nature in the formation of air. 

99. 1 cannot fay, but fo pure zdcpblogi/iicatcd 
air may ftill be produced by this procefs; that 
its whole bulk may be reduced to nothing, bf 
a proper combination with nitrous air. If fo, 
what thai ! we then be able to think of„a fiuii. 
fubftance, which is coercible in a glafs, veifej, 
to which above the double quantity of another 

Jubilance [ii±iit!i=V>*=-°. ?] likewifc 

coercible in a glafs veffel, being added ; both 
thefe lubflancee, to appearance, wholly vanifh 1 

(r.) This add'uion»l article 10 the piefent letter wai 
wrote on the 16th of September^ 1777; ahhongh the 
grearefl' parE of ii had been written nuny months before, 
and the flirt twenty numbers were already printed: but 
Ibme circiimllances, the knowledge of which cwinot in- 
terell the public, have bindtaed, till now, the publication 
of the whole. 
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ioo. This phenomenon certainly defences 
the attention of philofophers : and I gladly 
leave to them the examination of it. I mult 
only add, for their information, that the nitrous 
acid is the thing chiefly concerned in its pro- 
duction. When this admirable fubflance afts 
on certain kinds of bodies, as quiekjilvtr in the 
pre fen t cafe, its (blution produces that elaftic, 
but totrdblt fluid, whts h we call nitrout air: 
the rcfiduum, kept a long while, being pro* 
perly urged by fiFe, gires «t laft the. other 
eiajlic, but likewife coercible fluid, which we 
call depblegifticated air: and the combination of 
both, nearly in the above proportion, produce* 
the wonderful phenomenon I hare fpoken of. 

10:. I (hall fay no more on this matter * 
and leave It very willingly to" be confidered 
and unravelled by abler philofophers than I 
can pretend to be : and conclude the fubjeft 
of tbifletter, by alluring you that I (hall be 
very happy, if the things here treated of 
(hould deferve your approbation : and Mill 
more fo, if they produce the defircd effect 
I aim at, — the general good of mankind. I am, 
with the utmoft regard and fincere friendfhip, 
My dear Sir, 

Your moft obedient and 

Affectionate fervant, 

Buwood Park, 

j.™„,„„, J. H. d« MAGELLAN. 
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